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Method of constructing amino acid producing bacterial strains, and method of 
preparing amino acids by fermentation with the constructed amino acid producing 
5 bacterial strains 
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— Background n f the Invontion 

The present invention relates to a method of constructing a. mutant strain 
capable of producing amino acids in a high yield, and a method of producing L-amino 
acids b ^e fermenta tion with the mutant. 
^— """"""Methods of constructing mutant strains usable for the production of amino 

* ' 

acids by the fermentation can be roughly classified into two methods. One of them 
comprises introducing random mutations into DNA with a chemical mutagen, and the 
other comprises the genetic recombination. In the latter method, a strain having an 
improved capacity of producing an intended substance can be developed by 
enhancing a gene on a metabolic pathway relating to the biosynthesis of an intended 
substance, or by weakening a gene of an enzyme relating to the destruction. In this 
connection, for enhancing an intended gene, a plasmid capable of autonomously 
replicating independently from the chromosome in a cell has been mainly used 

However, the method of enhancing the intended gene with a plasmid has 
problems. In particular, the degree of enrichment of the intended gene is variable 
depending on the number of copies of the plasmid itself. Therefore, for some kinds 
of intended genes, the copies are often too many in number and, as a result, the 
expression becomes excessive, the growth is seriously inhibited or the capacity of 
producing the intended substance is lowered. In such a case, although the degree of 
the enhancement of the intended gene can be lowered by using a plasmid of a small 
number of the copies, the variety of the plasmid is limited in many cases, and the 
intended control of the expression level of the intended gene is impossible. 

Another problem is that since the replication of the plasmid is often unstable,. 



10 



the plasmid is eliminated. 

For example, Japanese Patent Unexamined Published Application 
(hereinafter referred to as "J. P. KOKAI") No:61-268185 discloses a recombinant DNA 
comprising a DNA fragment containing a glutamate dehydrogenase (GDH)-producing 
5 gene (glutamate dehydrogenase gene) derived from a glutamate-producing 
coryneform bacterium, and a DNA fragment (plasmid) containing a gene necessary 
for the autonomous replication in the cell. It is also disclosed therein that by 
introducing the recombinant DNA into a cell, a GDH-enriching strain can be grown to 
improve the production of substances (such as amino acids and proteins) with 

10 microorganisms. 

On the other hand, in Japanese Patent No. 2,520,895, the above described 
recombinant DNA is introduced into Corynebacterium to obtain a strain having the 
improved enzymatic activity, and L-glutamic acid is produced by the fermentation with 
the strain. However, the production and yield of L-glutamic acid were yet 

15 unsatisfactory. Thus, it is demanded to further improve the productivity of L-glutamic 
acid. It is reported that the demand had been attained by introducing a recombinant 
DNA comprising two kinds of genes, i.e. a glutamate dehydrogenase-producihg gene 
derived from a glutamate-producing coryneform bacterium, and an isocitrate 
dehydrogenase (ICDH)gene, into a glutamate-producing coryneform bacterium. 



Further, JP 
secretion system of 




Kokai No. 6-502548 discloses an expression system and a 
Corynebacterium comprising a Corynebacterium strain and a 
secretory cassette conprising the first functional DNA sequence for the expression in 
the strain, the second DNA sequence encoding for amino acids, polypeptides and/or 
proteins and the third DNA sequence inserted between the first DNA sequence and 
25 the second DNA sequence, wherein the third DNA sequence encodes the protein 

irn PS1 and PS2 which guarantee the secretion of the amino acids, 
uroteins. Specifically, the secretion of polypeptides is disclosed 
;ular, NTG mutagtenesis was conducted with Corynebacterium 



element selected fro 
polypeptides and/or 
therein and in parti 



and a mutant resistant to 4-fluoroglutamate (4FG) which is an analogue to glutamate 
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is selected and subjected/to the transformation with PCGL141. It is described 
therein that a strain having/an enhanced expression of GDH can be obtained from the 
analogue resistant bacteria. It is also described therein that a mutation was 
observed in nucleotide sequence No.251 to No.266 of GDH promoter. 

l osure of tho I nvent i on 

The object of the present invention is to provide a method of constructing a 
mutant capable of suitably enhancing or controlling the expression of an intended 
gene without using a plasmid and also capable of producing amino acids in a high 
yield, by gene recombination or mutation. 

Another object of the present invention is to provide a promoter for GDH 
capable of imparting a capability of producing glutamic acid in a high yield to a 
Corynebacterium strain without seriously increasing the amount of by-produced 
aspartic acid and alanine. 

Still another object of the present invention is to provide a GDH gene having 
a sequence of the above-described promoter for GDH. 

A further object of the present invention is to provide a Corynebacterium 
strain having the above-described gene and capable of producing l-glutamic acid. 

A further object of the present invention is to provide a method of producing 
amino acids by fermentation wherein amino acid-producing microorganism thus 
constructed is used. 

A further object of the present invention is to provide a fermentation method 
of producing glutamic acid at a low cost by increasing the yield of glutamic acid by 
using a glutamic acid-producing coryneform bacterium. 

The present invention has been completed on the basis of a finding that the 
above-described problems can be efficiently solved by variously modifying the 
promoter of amino acid-biosynthesizing genes on a chromosome to control the 
amount of the expression of the intended genes. Particularly, the invention has been 
completed on the basis of a finding that the above-described problem can be 



efficiently solved by introducing a specific mutation into -35 region or -10 region which 
is a specific region of the promoter. 

Namely, the present invention provides a method of producing coryneform 

bacteria having an improved amino acid- or nucleic acid-productivity, which comprises 

v 

5 the steps of introducing a mutations in a promoter sequence of amino acid- or nucleic 
acid-biosynthesizing genes on a chromosome of a coryneform bacteria to make it 
close to a consensus sequence or introducing a change in a promoter sequence of 
amino acid- or nucleic acid-biosynthesizing genes on a chromosome of Coryneform 
bacteria by gene recombination to make it close to a consensus sequence, to obtain 
10 mutants of the coryneform amino acid- or nucleic acid-producing microorganism, 
culturing the mutants, and selecting a mutant capable of producing the intended 

r > 

amino acid or nucleic acid in a large amount. 

The present invention also provides a promoter for glutamate dehydrogenase 
(GDH)-producing gene, which has the sequence of (i) at least one DNA sequence 
15 selected from the group consisting of CGGTCA, TTGTCA, TTGACA and TTGCCA in 
-35 region, (ii) TATAAT sequence or the same TATAAT sequence but in which the 
base of ATAAT is replaced with another base in -10 region, or (iii) a combination of (i) 
and (ii), wherein the sequence does not inhibit the promoter function. 

The present invention also provides a glutamate dehydrogenase-producing 
20 gene having the above-described promoter. 

The present invention also provides a coryneform L-glutamate-producing 
microorganism having the above-described gene. 

The present invention also provides a process for producing an amino acid by 
the fermentation, which comprises the steps of culturing a coryneform bacterium 
25 constructed by the above-described method and having an improved amino acid- 
producing capacity in a medium to form and also to accumulate the intended amino 
acid in the medium, and collecting the amino acid from the medium. 

The present invention also provides a process for producing L-glutamic acid 
by the fermentation, which comprises the steps of culturing a coryneform L-glutamic 
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acid-producing microorganism resistant to 4-fluoroglutarhic acid in a liquid medium to 
form and also to accumulate L-glutamic acid in the medium, and collecting L-glutamic 
acid from the medium. 



Brief Description of the Drawings 

Fig.1 show a flow of construction of GDH gene having a mutant promoter. 

Fig.2 show a flow of construction of CS gene having a mutant promoter. 

Fig.3 show a flow of construction of shuttle vector carrying lacZ as a reporter gene. 

t 

Best Mode for Carrying out the Invention 

The term "cojyneform glutamic acid producing microorganism" as used 
herein includes also bacteria which were classified to be the genus Brevibacterium 
before but now integrated into the genus Corynebacterium [Int. J. Syst. Bacterid., 41, 
255 (1981)] and also bacteria of the genus Brevibacterium which are very close to 
those of the genus Corynebacterium. Therefore, the mutants used in the present 
invention can be derived from the coryneform glutamic acid-producing bacteria of the 
genus Brevibacterium or Corynebacterium shown below. Bacteria of the genus 
Corynebacterium and those of the genus Brevibacterium will be collectively referred to 
as "coryneform bacteria" so far as they do not concern the glutamic acid productivity. 
Corynebacterium acetoacidophilum ATCC 13870 
Corynebacterium acetoglutamicum ATCC15806 
Corynebacterium callunae ATCC15991 
Corynebacterium glutamicum ATCC 13032 

Brevibacterium divaricatum ATCC14020 
Brevibacterium lactofermentum ATCC 13869 

Corynebacterium lilium ATCC15990 
Brevibacterium flavum ATCC 1 4067 

Corynebacterium melassecola ATCC 17965 



Brevibacterium saccharolyticum ATCC 1 4066 

Brevibacterium immariophilum ATCC 1 4068 

Brevibacterium roseum ATCC 1 3825 

Brevibacterium thiogenitalis ATC C 1 9240 

Microbacterium ammoniaphilum ATCC 1 5354 

Corynebacterium thermoaminogenes AJ1 231 0(FERM 9246) 



The amino acids to be produced are not particularly limited so far as the 
genes concerning the biosynthesis and promoters thereof have been elucidated. 
10 Examples of effective enzymes concerning the biosynthesis include GDH, citrate 
synthase (CS), isocitrate synthase (ICDH), pyruvate dehydrogenase (PDH) and 
aconitase (ACO) for glutamic acid fermentation. 

Enzymes for lysine fermentation including biosynthesis enzymes such as 
aspartate kinase (AK), dihydrodipicolinate synthase, dihydrodipicolinate reductase, 
15 diaminopimelate dehydrogenase and diaminopimelate decarboxylase are also 
effective. Lysine eccrisis protein (lysE gene) concerning the membrane eccrisis of 
lysine is also effective. 

Effective enzumes for arginine fermentation include N-acetylglutamate 



svntha 



synthase, N-acetyltolutamate kinase, N-acetylglutamyl phosphate reductase, 
20 acetylornithine aminotransferase, N-acetylornithinase, ornithine carbamyltransferase, 
argininosuccinate syrf hase, and arginosuccinase. arginine is formed by the reaction 
catalyzed by these erozymes. These enzymes are effective. These enzymes are 
coded by enzymes argk, argB, argC, argD, aegE, argF, argG and argH, relatively. 
Effective enzymes for serine fermentation includes 3-phosphoglyceric acid 
25 dehydrogenase, phosphoserine trans-amylase, phosphoserine phosphatase and the 
like. 

Effective enzymes for phenylalanine fermentation include bio-synthesizing 
enzymes such as deoxyarabinohepturonic phosphate synthetase, 3-dehydrokinate 
synthetase, 3-dehydrokinic acid dehydroratase, shikimic acid dehydrogenase, 
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shikimic kinase, 5-enol pyrvilshikimic acid-3-phosphate synthetase, chorismic acid 
synthetic enzyme, chorismate synthetase, chorismate mutase, prephenate 
dehydroratase, and the like: Sugar metabolic enzymes such as transketorase, 
transaldolase, phosphoenolpyrvic acid synthetic enzyme are also effective. 
5 Effective enzymes for tryptophan fermentation include enzymes belonging to 

tryptophan operon, in addition to various enzymes effective in the above-mentioned 
phenylalanine fermentation and various enzymes effective in the above-mentioned 
serine fermentation. 

Effective enzymes for proline fermentation include y -glutamylkinase, y - 
10 g I uta my I ce m i a I d ehy de dehydrogenase, pyrroline-5-carboxylate reductase, in addition 
;5 to various enzymes effective in the above-mentioned glutamic acid fermentation. 

H Effective enzymes for glutamine fermentation include glutamine synthetase, in 

P addition to various enzymes effective in the above-mentioned glutamic acid 

m fermentation. 

15 In the inosine production, it is considered to be useful to enhance the expression 

IiJ of 5-phosphoribosyl 1 -diphosphate synthetase, 5-phosphoribosyl 1 -diphosphate 

!1i aminotransferase, phosphoribosylaminoimidazolecarboxamide formyltransferase and 

the like. 

u In the guanosine production, it is considered to be useful to enhance the 

20 expression of 5'-inosinic acid dehydrogenase and 5'-xanthylic acid aminase, addition 
to 5-phospholibosyl 1 -diphosphate synthetase, 5-phospholibosyl 1 -diphosphate 
aminotransferase, phbsphoribosylaminoimidazolecarboxamide formyltransferase and 
the like. ; 

In the adenosinie production, it is considered to be useful to enhance the 
25 expression of adenirosuccinate synthase, in addition to 5-phosphoribosyl 1- 
diphosphoric acid synthetic enzyme, 5-phosphoribpsyl 1-diphosphoric acid 
aminotransferase, phosphoribosylaminoimidazole-carboxamide formyltransferase 
and the like. 

In the nucleotide production, it is considered to be useful to enhance the 
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expression of phosphoribosyl transferase, inosine kinase, guanosine kinase and 
adenosine kinase. 

In the present invention, a mutant of a coryneform amino acid-producing 
bacterium is obtained by, introducing a mutation in a promoter sequence of desired 
5 amino acid-biosynthesizing genes on a chromosome of a coryneform amino acid- 
producing bacterium, such as the above-described promoter sequence for GDH, to 
make it close to a consensus sequence with a chemical or by introducing the mutation 
by the genetic recombination to obtain a mutant of the coryneform amino acid- 
producing microorganism. 
imi 10 The term "consensus sequence" is a sequence which appears most 

^ frequently in various promoter sequences. Such consensus sequences include, for 

| S ! 

SI example, those of E. coli and Bacillus subtilis. The consensus sequence of E. coli is 

O described in Diane K. Hawley and William R. McClure Nuc. Acid. Res. 11:2237- 

ill 2255(1983), and that of B. subtilis is described in Charles et al. Mol. Gen. Genet 
% 15 186:339-346(1982). 

i;J j The mutation may be caused in either only one promoter sequence such as 

U! that for GDH or two or more promoter sequences such as those for GDH, citrate 

P synthase (citrate-synthesizing enzyme) (CS) and isocitrate synthase (isocitrate- 

synthesizing enzyme) (ICDH). 
20 In the present invention, the mutant thus obtained is cultured to obtain the 

mutant capable of producing a large amount of an intended amino acid. 

It was already elucidated that in the fermentation of glutamic acid, GDH 
derived from a coryneform glutamate-producing microorganism has its own promoter 
sequence in upstream region thereof [Sahm et aL, Molecular Microbiology (1992), 6, 
25 317-326]. 

For example, the promoter for GDH of the present invention, GDH gene 
having the promoter sequence for GDH and L-glutamate-producing Corynebacterium 
strain having this gene can be obtained by, for example, the following methods: 

Namely, the strain is subjected to a mutagenesis treatment such as the 
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irradiation with UV, X-rays or radiation, or treatment with a mutagen to obtain a strain 
resistant to 4-fluoroglutamic acid on an agar plate culture medium containing 4- 
fluoroglutamic acid. Namely, the mutagenized cells are spread on agar plates 
culture medium containing 4-fluoroglutamic acid in such a concentration that it inhibits 
the growth of the parent, and the mutant thus grown is separated. 

Further, the promoter sequence of GDH genes can be replaced with 
variously modified sequences by site directed mutagenesis, and the relationship 
between the respective sequences and GDH activity is examined so as to select the 
ones having a high L-glutamate-productivity. 

It is particularly preferred in the present invention that the DNA sequence in - 
35 region of the/prjompter fjzr GDH-producing gene is at least one DNA sequence 

/ j , \X y 

selected from the ciroup consisting of CGGTCA, TTGTCA, TTGACA and TTGCCA 
and/or the DNA seduence in -10 region of the promoter is TATAAT, or the bases of 
ATAAT in TATTAT sequence in -10 region is replaced with another base, while they 
15 do not inhibit the promoter function. The reason why the strain in which the bases of 
ATAAT in TATAAT sequence in -10 region is replaced with another base and the 
promoter function is not inhibited can be selected is as follows: Because a remarkable 




increase in the specif 
of CATAAT with "T" 



c activity of GDH was observed by merely replacing the first "C" 
in wild type -10 sequence (refer to p6-4 in Table 1), it was 
20 considered that such <a replacement with another base is' possible. 

The promoter sequence of GDH gene is described in, for example, the 
above-described Sahm et al., Molecular Microbiology (1992), 6, 317-326. It is 
described therein as Seq ID No. 1. The sequence of GDH gene itself is also 
described in Sahm et al., Molecular Microbiology (1992), 6, 317-326 to be Seq ID No. 
25 1. 

Similarly, the mutation can be introduced in the promoter for citrate- 
synthesizing enzyme (CS) or isocitrate-synthesizing enzyme (ICDH). 

Thus, the promoters for GDH are those having at least one DNA sequence in 
-10 region selected from the group consisting of CGGTCA, TTGTCA, TTGACA and 
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TTGCCA in -35 region and/or or TATAAT sequence or the TATAAT sequence but in 
which the base of ATAAT is replaced with another base, wherein they do not inhibit 
the promoter function. Genes for producing glutamate dehydrogenase, which have 
the above-described promoter, are also provided. 
5 The promoters for CS are those having TTGACA sequence in -35 region 

and/or TATAAT sequence in -10 region, which do not inhibit the promoter function. 
CS genes having the above-described promoter are also provided. 

Promoters for ICDH are those having TTGCCA or TTGACA sequence in the 
first or the second promoter in -35 region and/or TATAAT sequence in the first or the 
10 second promoter in -10 region which do not inhibit the function of the promoter. The 
icd genes having the above-described promoter are also provided. 

Promoters for PDH are those having TTGCCA sequence in -35 region and/or 
TATAAT sequence in -10 region, which do not inhibit the function of the promoter. 
PDH genes having the above-described promoter are also provided; 
15 The present invention also provides coryneform L-glutamate-producing 

bacterium having the above-described genes. 

The promoters for algininosuccinate synthase are those having at least one 
sequence selected from the group consisting of TTGCCA, TTGCTA, and 
TTGTCA in -35 region and/or TATAAT sequence in -10 region, or the base of ATAAT 
20 in TATTAT sequence is replaced with another base, which do not inhibit the function 
of the promoter. Wgininosuccinate synthase gene having the above-described 
\ promoter are also provided. 

The present invention also provides coryneform arginine-producing 
bacterium having the above-described genes. 
25 Amino acids can be obtained by culturing a coryneform bacterium of the 

present invention, which produces an amino acid, preferably L-glutamic acid, in a 
liquid culture medium to form and thereby to accumulate the intended amino acid, 
preferably L-glutamic acid, and collecting the amino acid from the culture medium. 

The liquid culture medium used for cultivating the above-described strain of 



the bacterium in the present invention is an ordinary nutrition medium containing 
carbon sources, nitrogen sources, inorganic salts, growth factors, etc. 

The carbon sources include carbohydrates such as glucose, fructose, 
sucrose, molasses and starch hydrolyzates; alcohols such as ethanol and glycerol; 
5 and organic acids such as acetic acid. The nitrogen sources include ammonium 
sulfate, ammonium nitrate, ammonium chloride, ammonium phosphate, ammonium 
acetate, ammonia, peptone, meat extract, yeast extract and corn steep liquor. When 
an auxotrophic mutant is used, the required substances are added to the medium as 
the reagents or natural substances containing them. 

10 The coryneform bacteria usually produce L-glutamic acid under reduced 

biotin condition. Therefore, the amount of biotin in the medium is restricted or a 
substance inhibiting the effect of biotin such as a surfactant or penicillin is added. 

The fermentation is preferably conducted by shaking the culture or agitating 
the culture with aeration while the pH of the culture liquid is kept in the range of 5 to 9 

15 for 2 to 7 days. The pH is preferably controlled with urea, calcium carbonate, 
gaseous ammonia, ammonia water or the like. The culture temperature is preferably 
24 to 37°C. 



collected by an c rdinary method such as ion-exchange resin method or crystallization 
20 method. Specifrrfically, L-glutamic acid is separated by the adsorption on an anion- 
exchange resin or by the neutralization crystallization. 

According to the present invention, the intended amino acid can be obtained 
in a high yield by introducing a mutation into a promoter region of amino acid- 
biosynthesizing genes of a coryneform amino acid-producing bacterium to control the 
25 expression of the intended genes. In addition, since any elimination of the intended 
gene does not occur in the bacteria according to the present invention, contrary to the 
cases using plasmid, the intended amino acid can be stably obtained in a high yield. 
Thus, the industrial merit of the invention is great. 




produced and accumulated in the culture liquid is 



The present invention provides various promoters, particularly, promoters for 



GDH, capable of imparting a power of producing amino acids, particularly glutamic 
acid, in a high yield to Corynebacterium strains without increasing the amount of by- 
produced aspartic acid and alanine. 

In the present invention, a coryneform L-glutamate-producing bacterium is 
5 mutagenized, a strain in which the mutation introduced in a promoter region of GDH 
gene and which is resistant to 4-fluoroglutamic acid is collected, and the strain is 
cultured to obtain glutamic acid in a high yield. Thus, the present invention is 
industrially very advantageous. 

The following Examples will further illustrate the present invention. 

10 

Example 1: Production of mutant GDH promoter: 

A mutant GDH promoter was prepared by site-directed mutagenesis method 
as follows: 

(l) Preparation of GDH genes having various mutant promoters: 
15 The wild type sequence in -35 region and -10 region of a promoter of GDH 

gene of a coryneform bacteria is shown in sequence 1. The promoter sequence of 
wild type has already been reported [Molecular Microbiology (1992), 6, 317-326]. 

The method of preparing a plasmid carrying GDH gene having a mutant 
promoter is as follows: 

As shown in Fig. 1 , a chromosomal gene of a wild type strain of a coryneform 
acterium ATCC13869 prepared with "Bacterial Genome DNA purification kit" 
(Advanced Genetic "echnologies Corp.) was used as the template for PCR. The 




gene amplification 



was conducted by PCR using upstream and downstream 



sequences of GDH dene. Both ends were blunt-ended. The product thus obtained 
25 was inserted in Smal site of plasmid pHSG399 (a product of Takara Shuzo Co., Ltd.). 
Then a replication origin taken from plasmid pSAK4 having the replication origin 
capable of replicating in a coryneform bacterium was introduced into Sal I site of the 

smid pGDH. By this method, GDH genes having each above- 
jequence can be obtained by using a primer having each of the 



plasmid to obtain pis 
described promoter 



I 
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promoter sequen 
constructed as fol 
having an autono 



sequ ence of S«, ,D No. 1 ,o Sea. ID No. 6 shown in the Seauence Listing as the 

„ ,„r GDH gene respectively. I. was confirmed by sequence the 

L was not occured in the . amplified fragment. pSAK4 ,s 
bws previously obtained plasmid P HK4 (J. P. KOKAI No.5-7491] 
having an ™lus rep-ioation o rig in derived from plasmid pH M ,5,9 lAgric Biol. 

l oicm i« diaested with restriction enzymes BamHI and 
Corvnebacterium ricroorganism, is digestea wun 

Z .o obtain a 1 fragment having the replication o.gin. Then the fragmen , us 
lined is b,un led with ONA-B,un.ing Kit (Blunting M o, ™"» 
L ,d, After the lig lion with Sal, linger, the product thus obtained was ,ns rted * 
Sa, site o, pHs4 (a product of Tafcara Shuzo Co.. Ltd., to obta.n p,asm,d P SAK4. 
« Compajo, the degrees o, expression o, GDH having each promoter 

sequence: \ 

- each p.as J prepared as described above was introduced into w„ ype 
strain of coryneform bacterium ATCC13869 by e.ectroporation 
KOKA. No 2-207791; For comparing the degrees of expression of GDH for t s 
KOKAI No. determined by the above-described method 

strains, the specific activity of GDH was aetermin y 

of Sahm et al. The results are shown in Table 1 . 



Table 1 



Strain 



Promoter sequence 



ATCC13869 



/pGDH 



/p6-2 



/p6-4 



-35 



TGGTCA 



TGGTCA 



CGGTCA 



TGGTCA 



-10 



CATAAT 



Specific activity of GDH 



CATAAT 



CATAAT 



TATAA.T 



7.7 



82.7 
33.1 



225.9 



Relative 
value 
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/p6-3 


TTGACA 


TATAAT 


327.2 


4.0 


/p6-7 


TTGCCA 


TATAAT 


407.0 


4.9 


/p6-8 


TTGTCA 


TATAAT 


401.3 


4.9 



ATCC 13869/p6-2 through ATCC 13869p6-8/ corresponded to the 

sequences of Sep ID No. 2 through Seq ID No.6, respectively. These sequences 

j 

were the same as the sequence No.1 (wild type) except that the underlined parts were 

! 

changed as follows: 

i 

Sequence j 

No. 1 5 f -TTAATTCTTTG TGGTCA TATCTGCGACACTGC CATAAT TTGAACGT- 3 ' 



2 


CGGTCA 

+ 


CATAAT 


3. 


TGGTCA 


TATAAT 


4. 


i TTGACA 


'TATAAT 


5. 


TTGCCA 


. TATAAT 


6. 


TTGTCA 


TAT ATT 



These were those of synthetic linear doubled stranded DNA. 

Example 2: Preparation of mutant strains: 

(1 ) Preparation of mutant strains resistant to 4-fluoroglutamic acid: 

AJ13029 is a mutant strain producing glutamic acid and disclosed in 
W096/06180. Although it does not produce glutamic acid at a culture temperature of 
31.5°C t it produces glutamic acid even in the absence of a biotin-inhibitor when the 
culture temperature is shifted to 37 °C . In this Example, Brevibacterium 
lactofermehtum AJI3029 strain was used as the parent strain for preparing the mutant 
strains. As a matter of course, any of glutamic acid-producing strains other than 
AJ13029 can be used as a parent strain for preparing mutant strains resistant to 4- 
fluoroglutamic acid. 

14 




AJ13029 were cultured on a CM2B agar medium (Table 2) at 31.5°C for 24 
hours to obtain the bacteriaf cells. The cells were treated with 250(ig/ml aqueous 
solution of N-methyl-N'-ntfro-N-nitrosoguanidine at 30°C for 30 minutes. Then a 
suspension of the cells /naving a survival rate of 1 % was spread on agar plates 
5 culture medium (Tabler3) containing 4-fluoroglutamic acid (4FG). Colonies were 
formed after incubating the plate at 31.5°C for 20 to 30 hours. In this experiment, a 
slant medium containing 1 mg/ml of 4FG was prepared at first, and then a layer of the 
same medium without 4FG was formed thereon horizontally. Thus, 4FG 
concentration gradient was obtained on the surface of the agar medium. When the 
10 plate was inoculated with the mutant cells obtained as described, a boundary line was 
formed at a border of the growing limit of the strain. Bacterial trains which formed 
colonies in a area containing 4FG of a concentration higher than that of the boundary 
line were taRen. Thus, about 50 strains resistant to 4FG were obtained from about 
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10,000 mufagenized cells. 



Table 2 CM2B agar medium 



Ingredient 



Concentration 



Polypeptone (Nippon Seiyaku Co.) 
20 Yeast extract (Difco Co.) 
NaCI 



d-Biotin 



Agar 

(pH 7.2: adjusted with KOI-n 



1.0% 
1.0% 

0.5 % 
1 0 [xgl\ 
1.5% 



25 



Component 



Table 3 Agar medium 

Amount in one liter of water 



Glucose 
MgSO 4 -7H 2 0 



10g 
19 



15 





FeS0 4 -7H 2 0 
MnS0 4 -4-6H 2 0 
Thiamine hydrochloride 
d-Biotin 
(NH 4 ) 2 S0 4 

Na 2 HP0 4 -12H 2 0 / 
KH 2 P0 4 / 
Agar / 



0.01g 
0.01 g 
0.2 mg 
0.05 mg 

5g 

7.1g 
1.36g 

15a 



111 - 



- 3 

•:- 3 
-is 



; s-a 
3.= H 



10 (2) Confirmation/of capability of L-glutamic acid-production of 4FG-resistant mutant 

/ 

strains: j 

The capability of glutamic acid-production of about 50 mutant strains 

/ 

obtained in above (1 ) and parent AJ 13029 strain were confirmed as described below. 
AJ/13029 and mutant strains were each cultured on CM2B agar medium at 

15 31 .5°C for^O to 30 hours. A liquid medium having a composition shown as "medium 
A" in Table 4 was inoculated with the cells thus obtained, and the shaking culture was 
started at 31.5°C. About 22 hours after, the fresh medium was added so that the 
final concentration would be that of medium B shown in Table 4. The temperature 
was shifted to 37°C and then the culture was continued further for about 24 hours. 

20 After the completion of the culture, the culture was examined with a Biotic Analyzer (a 
product of Asahi Chemical Industry Co., Ltd.) to determine whether L-glutamic acid 
was produced or not. It was thus found that when the 50 strains were cultured, two 
strains having a yield of glutamic acid higher than that obtained from the parent 
strains and a high GDH activity were separated (strain A and strain B). GDH activity 

25 of each of them was determined to find that the specific GDH activity of both of them 
was increased (Table 5). The GDH activity was determined by the method of E. R. 
Bormann et al. [Molecular Microbiol., 6, 317-326 (1996)]. By sequencing the GDH 
genes, it was identified that the mutation points were found only in the promoter 
region of GDH (Table 6). 
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Table 4 



Ingredient 



Medium A 



Medium B 



Glucose 
5 KH 2 P0 4 
MgS0 4 -7H 2 O 
FeS0 4 -7H 2 0 
MnS0 4 -4H 2 0 
(NH 4 ) 2 S0 4 

10 Soybean protein hydrolyzate solution 
Thiamine hydrochloride 
Biotin 

Antifoaming agent 
CaC0 3 

15 pH \_ 



3 g/dl 
0.14 g/dl 
0.04 g/dl 
0.001 g/dl 
0.001 g/dl 
1.5 g/dl 
1.5 ml/dl 
0.2 mg/l 
0.3mg/l 
0.05m l/l 



5 g/dl 

0.14 g/dl 
0.04 g/dl 
0.001 g/dl 
0.001 g/dl 
2.5 g/dl 

0.38 ml/dl 
0. 2 mg/l 
0.3 mg/l 

0.05ml/l 



5 gd/l 

7.0(adjusted with KOHV 



5 gd/l 



Table 5. Glutamic acid formation and GDH activity of mutant strains 



Strain 



Glufg/dH 



GDH specific activity 



Relative value 



20 A J 13029 
FGR1 
FGR2 



2.6 
2.9 
3.0 



7.7 

23.1 

25.9 



1.0 

3.0 
3.4 



25 



Table 6. DNA sequences in GDH promoter region of mutant strains 



Strain 



GDH promoter sequence 
-35 



£L0 



A J 13029 
FGR1 



TGGTCA 
TGGTCA 



TTCTGTG C G ACACTGC 
TTCTGTGCGACACTGC 



CATAAT 
TATAAT 
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FGR2 



TTGTCA T-CTGTGCGACACTGC 



TATAAT 



5=5 



15 



25 



Example 3 Introduction of mutation into CS gene promoter region of 
coryneform glutamate-producing bacterium: 

In this Example, a strain having an enhanced promoter for the genes which 
codes glutamate dehydrogenase (GDH) and citrate-synthesizing enzyme (CS) was 
produced. 

Cloning of gltA gene: 

The sequence of gltA gene of a coryneform bacterium, which codes citrate- 
synthesizing enzyme, has already been elucidated [Microbial. 140, 1817-1828 (1994)]. 
On the basis of thiskequence, primers shown in Seq ID No. 7 and Seq ID No. 8 were 
synthesized. On I the other hand, chromosomal DNA from Brevibacterium 
lactofermentum ATCC1 3869 was prepared using Bacterial Genome DNA Purification 




Kit (Advanced Genet 



c Technologies Corp.). Sterilized water was added to a mixture 



of 0.5 |ig of the chrcmosomal DNA, 10 pmol of each of the oligonucleotides, 8jil of 
dNTP mixture (2.5 mM each), 5\x\ of 10xLa Taq Buffer (Takara Shuzo Co., Ltd.) and 2 
U of La Taq (Takara Shuzo Co., Ltd.) to obtain 50jil of PCR- reaction cocktail. The 
reaction cocktail wag subjected to PCR. The PCR conditions were 30 cycles of 
denaturation at 94 °d for 30 seconds, annealing at 55°C for 15 seconds and 



20 extention at 72°C for 



3 seconds using Thermal Cycler TP240 (Takara Shuzo Co., 



Ltd.) to amplify abou 3 Kbp of DNA fragments containing gltA gene and promoter 
thereof. The amplifisd fragements thus obtained were purified with SUPREC02 
(Takara Shuzo Co., l td.) and then blunt-ended. The blunting was conducted with 
Blunting Kit of Takara Shuzo Co., Ltd. The blunt-ended fragment was mixed with 
pHSG399 (Takara Sf 



ligation. The ligation 



uzo Co., Ltd.) completely digested with Smal to conduct the 
reaction was conducted with DNA Ligation Kit ver 2 (Takara 



Shuzo Co., Ltd.). After the completion of the ligation, the transformation was 
conducted with competent cells of E. coli JM109 (Takara Shuzo Co., Ltd.). The cells 



were spread on an L 



medium plates (comprising 10 g/1 of bactotryptone, 5 g/l of 
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bactoyeast extract, 5 g/l of NaCI and 15 g/l of agar; pH 7.2) containing 10 \iglm\ of 
IPTG (isopropyl-p-D-thiogalactopyranoside), 40|i g/ml of X-Gal (5-bromo-4-chloro-3- 
indolyl- p -D-galactoside) and 40 \xglm\ of chloramphenicol. After culturing them 
overnight, white colonies were taken to obtain the transformed strains after single 
5 colony isolation. 

From the transformed strains, plasmids were prepared by the alkali method 
(Seibutsu Kogaku Jikken-sho edited by Nippon Seibutsu Kogaku-kai and published by 
Baifukan, p. 105, 1992). Restriction enzyme maps were prepared, and the plasmid 
which has the same restriction map as the map shown in Fig. 2 was named 
10 "pHSG399CS". 

(2) Introduction of mutations into gltA promoter: 

rtV> Mutan-Supar Express Km (Takara Shuzo Co., Ltd.) was used for the 
introduction of mutation into gltA promoter region. The method is specifically 
described below. FHSG399CS was completely digestied with EcoRI and Sail to 
15 obtain EcoRI-Sall fragment containing gltA genes, which were ligated to the fragment 
obtained by complete digestion of pKF19kM (Takara Shuzo Co., Ltd.) with EcoRI and 
Sail. After the completion of the ligation, the transformation was conducted with 
competent cells of E. coli JM109 (Takara Shuzo Co., Ltd.). The cells was spread on 
L medium plates containing 10 |ig/ml of IPTG, 40|ig/ml of X-Gal and 25 fig/ml of 
20 kanamycin. After o\ ernight incubation, white colonies were taken and transformants 
were obtained by si lgle colony isolation. From the transformants, plasmids were 
prepared and the plasmid containing gltA gene was named pKF19CS. 

PCR was conducted by using pKF19CS as the template and 5'- 
phosphorylated synthetic DNA shown in sequence of Seq ID No. 9, Seq ID No. 10 and 
25 Seq ID No.1 1 together with the selection primer from Mutan super Express Km. The 
transformation was conducted with competent cells of E. coli MV1184 (Takara Shuzo 
Co., Ltd.) by using the PCR product. The cells were spread on L-medium plates 
containing 25 |ig/ml ;of kanamycin. After overnight incubation, colonies were taken 
and the transformants were obtained after single colony isolation. From the 



19 



transforms, p.asmid DNA was prepared. The sequence of gltA promoter region 
was determined by Sanger method [J. Mo.. Bio.., 143,161 (1980)] using synthetic 
DNA having the sequence of Seq ID No. 12. Specifical.y, the sequence was 
determined with a Dye Terminator Sequencing Kit (Applied Biosystems) and ana.yzed 
by Genetic Ana.yzer ABI310 (App.ied Biosystems). The plasmids in wh,ch g.tA 
promoter region was rep.aced with the sequence shown in Table 7 were named 
pKF19CS1, PKF19CS2 and pKF19CS4, respectively. 



Table 7 



10 



15 



pKF19GS 

pKF19CS1 

pKF19CS2 



-35 region 
ATGGCT 
ATGGCT 
ATGGCT 



TIGACA 



-10 region 



TATAGC 
TATAAC 

TATAAT pKF19CS4 



TATAAT 
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(3) Construction of mutant gltA plasmid: 

P KF19CS pKF19CS1, P KF19CS2 and P KF19CS4 constructed in step (2) 
^w?e compietely digested with Sal. and EcoR. (Takara Shuzo Co., Ltd.). On the 
20 other hand, p.asmid P SFK6 (Japanese Patent App.ication No.11-69896) having a 
rep.ication origin derived from p.asmid P AM330 which can autonomous.y raphe* ,n a 
coryneform bacterid [Japanese Patent Pub.ication for Opposition Purpose 
(hereinafter referred o as "J. P. KOKA.") No. 58-67699] was comp.ete.y digested w,th 
EcoR. and Sail." Thi obtained fragment was ligated with about the 2.5 kb fragment 
containing g.tA. Aft r the comp.etion of the ligation, transformation was conducted 
with competent call. \ E. co.i JM.09. The cells was spread on the L-medium p.ates 
containing 10 ,g/m. f IPTG. 40 g/m. of X-Ga. and 25 ,g/m. of kanamycin. After 
overnight incubation, olonies were taken and the transformants were obtained after 
single co.ony isolatioL From the transformants, plasmids were prepared. The 
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T._ 3 



r=1 



plasmidfe containing gltA gene were named pSFKC, pSFKCI, pSFKC2 and pSFKC4, 
respectively. 



(4) 



Determination of CS expression from mutant gltA plasmid in coryneform 




bacterium: 

The plasmid constructed in above step (3) was introduced into 
Brevibacterium lactofermentum ATCC13869. Specifically, this treatment was 
conducted by electrical pulse method (J. P. KOKAI No. 2-07791). The transformants 
were selected at 3l°d with CM2B medium plate (comprising 10 g/1 of bactotryptone, 
10 g/1 of bactoyeast extract, 5 g/1 of NaCI, 10jig/l of biotin and 15 g/1 of agar; pH 7.0) 
10 containing 25 jig/ml of kanamycin. After incubating for two days, colonies were 

taken and the transfoimants containing pSFKC, pSFKCI , pSFKC2 and pSFKC4 were 
named BLCS, BLCS1I BLCS2 and BLCS4, respectively, after single colony isolation. 
< A medium having a composition shown in Table 8 was inoculated with the 
transformant. The cu ture was continued at 31 °C and terminated before the glucose 
15 had been completely consumed. The culture liquid was centrifuged to separate the 
cells. The cells were washed with 50 mM tris buffer solution (pH 7.5) containing 
200m of sodium glutamate and then suspended in the same buffer solution. After 
the sonication with UD-2D1 (TOMY) followed by the centrifugation (10,-OOOg), the cells 
remaining unbroken were removed to obtain a crude enzyme solution. The activity 
20 of citrate synthase can be determined according to Methods Enzymol. 13, 3-1 1 (1969). 



Specifically, the crude en; 
100-mMofTisHCI. (pH 8), 



yme solution was added to a reaction mixture containing 



mM of acetyl CoA, and the 
absorbance at 412 nm at 



0.1 mM, of DTNB, 200 mM of sodium glutamate and 0.3 
background was determined as the increase in the 
0°C determined by Hitachi spectrophotometer U-3210. 



25 Further, oxaloacetic acid v\^as added in such an amount that the final concentration 

The increase in the absorbance at 412 nm was 



thereof would be 0.5 mM. 
determined, from which the 
of the citrate synthase. Tfhe protein concentration in the crude enzyme solution was 



background value was deducted to determine the activity 



determined by Protein Ass<|y (BIO-RAD.). Bovine serum albumin was used as the 
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standard protein. The results are shown in Table 9. It was confirmed that the 
citrate synthase activity of mutant gltA promoters was increased compared to wild- 
type gltA prompter. 



Table 8 



Ingredient 



Concentration 



Glucose 
KH 2 P0 4 
MnS0 4 -7H 2 0 
FeS0 4 -7H 2 0 

Soybean protein hydrolysates 
Biotin 

Thiamine hydrochloride 2 mg/l 



50 g/l 

1 g/l 

0.4 mg/l 
1 0 mg/l 
20 ml/l 
0.5 mg/l 

2 mg/l 



Strain 



Table 9 

dABS/min/mg Relative activity Relative activity 



Wild type4 

BLCS00 

BLCS01 

BLCS02 

BLCS04 



6.8 
38.8 

57.1 

I 

92.5 
239.5 



1.0 

5.7 

8.4 

13.6 

35.2 



1.0 
1.21 
1.9 
4.8 



(5) Introduction of mutant gltA gene into temperature-sensitive plasmid: 

For integrating mutant gltA promoter sequences into a chromosome, a method 
is known wherein a plasmid of which replication in a coryneform bacterium is 

< 

temperature sensitive is used(J. P. KOKAI No. 5- 7491). PSFKT2 (Japanese Patent 
Application No. 1 1-81693) was used as the plasmid vector, the replication of which in a 
coryneform bacterium is temperature sensitive. pKFCSI, pKFCS2 and pKFCS3 
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completely digested with Sail and BstPI and blunt-ended were used as the mutant 
gltA promoter; sequences. They were ligated to pSFKT2 completely digested with 
Smal. After the completion of the ligation, the transformation was conducted with 
competent cells of E. coli JM109 (Takara Shuzo Co., Ltd.). The cells were spread on 
5 the L-medium plates containing 10 \i g/ml of IPTG, 40 /i g/ml of X-Gal and 25 n g/ml 
of kanamycin. After overnight incubation, white colonies were taken and the 
transformants were obtained after single colony isolation. From the transformants, 
plasmids were prepared. Temperature-sensitive shuttle vectors containing gltA gene 
were named pSFKTCI, pSFKTC2 and pSFKTC4, respectively. 
q 10 (6) ■ Introduction of mutant gltA promoter into chromosome: 
S pSFKTCI, pSFKTC2 and pSFKTC4 were each introduced into 

M Brevibacterium lactofermentum FGR2 strain by electrical pulse method. The 

O transformants were selected on CM2B medium plates containing 25 jjl g/ml of 

yl kanamycin at 25°C. After introduction of each plasmid, each obtained strain was 

o 15 cultured in CM2B liquid medium, spread on CM2B plates containing 25 ji g/ml of 
|j . kanamycin, after the dilution to a concentration of 10 3 to 10 5 cfu per plate and cultured 
at 34°C. The strain having the temperature-sensitive plasmid became sensitive to 
□ kanamycin because the replication of the plasmid was inhibited at this temperature 

and, therefore, it could not form colonies. On the other hand, the strain having 
20 plasmid DNA integrated into the chromosome could be selected because it formed 
the colonies. Colonies thus obtained were taken and separated into respective 
colonies. Chromosomal DNA was extracted from the strain. PCR was conducted 
by using the chromosomal DNA as the template and primers of sequence shown in 
Seq ID No. 8 and Seq ID No. 13. About 3 kb of amplified fragments were confirmed. 
25 It was thus proved that in this strain, mutant gltA gene derived from the temperature- 
sensitive plasmid was integrated near gltA gene in the host chromosome by 
homologous recombination. Strains derived from pSFKTCI, 2 and 4 were named 
BLCS11, BLCS12 and BLCS14, respectively. 
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(7) Preparation of substituted gltA promoters: 

First, kanamycin-sensitive strains were obtained from the strains BLCS11, 
BLCS 12 and BLCS14 having mutant gltA gene integrated therein by homologous 
recombination. The strains having plasmid integrated therein were diluted and 
5 spread on CMM2B plates and then cultured at 34°C. After the formation of colonies, 
the replicas of the plates were made using CM2B plates containing 25 ii g/ml of 
kanamycin and were cultured at 34°C. Thus, kanamycin-sensitized strains were 
obtained. 

The chromosome was extracted from the kanamycin sensitive strain, and PCR 
10 was conducted with primers having the sequence shown in Seq ID No. 7 and Seq ID 
No.8 to prepare gltA gene fragments. The amplified fragments thus obtained were 
purified with SUPREC02 (Takara shuzo Co., Ltd.) and then, subjected to the 
sequencing reaction using a primer of Seq ID No. 13 to determine the sequence in the 
promoter region thereof. As a result, the strain having the same promoter sequence 
15 as that of pKF19CS1 in Table 7 was named GB01, the strain having the same 
promoter sequence .as that of pKF19CS2 was named GB02 and the strain having the 
same promoter sequence as that of pKF19CS4 was named GB03. It was indicated 
that In these strains, the gltA gene of wild type originally located on the chromosome 
was excised together with the vector plasmid while the mutant gltA gene introduced 
20 by the plasmid was remained on the chromosome when the plasmid and duplicated 
gltA gene were excised from the chromosome. 



(8) Determination of activity of citrate synthase of mutant gltA promoter strains: 




| ^> The activi 
GB02, GB03 a 



ies of the citrate synthase were determined by treating FGR2, GB01, 
FGR2/pSFKC strains obtained in step (7) in the same manner as 
that of step (4). 1 The results are shown in Table 10. It was confirmed that the citrate 
synthase activity! of the substitited gltA promoter strain was higher than that of the 
parent strains thereof. 
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Table 1 0 



Strain 



FGR2 
GB01 
5 GB02 
GB03 



dABS/min/mg 



Relative activity 



FGR2/pSFKC 



7.9 

9.5 

15.0 

31.6 

61.6 



1.0 
1.2 
1.9 
4.0 
7.8 



5 I 



(9) Results of culture of substituted gltA promoter strains: 
10 Each of the strains obtained in above-described step (7) Was inoculated into a 

seed culture medium having a composition shown in Table 11, and the culture was 
shaked at 31. 5 1 for 24 hours. 300- ml of a main culture medium having a 
composition shown in Table 11 was placed into 500 ml glass jar fermenters and then 
sterilized by heating and was inoculated by 40 ml of the seeds cultured as described 
15 above. The culture was started at a culture temperature of 31.5°C while the stirring 
rate and the aeration rate were controlled at 800 to 1300 rpm and 1/2 to 1/1 vvm, 
respectively. The pH of the culture liquid was kept at 7.5 -with gaseous ammonia.. 
The temperature was shifted to 37°C 8 hours after the initiation of the culture. The 
culture was terminated when glucose had been completely consumed in 20 to 40 
20 hours, and the quantity of L-glutamic acid formed and accumulated in the culture 
liquid was determined. 

As a result, the larger improvement in the yield of L-glutamic acid was 
confirmed whert each of the strains GB02 and GB03 rather than GB01 and 
FGR2/pSFKC wis used as shown in Table 12. From these facts, it was found that 
25 good results wene obtained by introducing the mutation into the gttA promoter to 
increase the CS activity to 2 to 4 times for the improvement in the yield of glutamic 
acid produced by those strains. 




Table 1 1 
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Ingredient 



Concentration 



Seed culture 



Main culture 



Glucose 
5 KH 2 P0 4 
MgS0 4 7H 2 0 
FeS0 4 7H 2 0 
MnS0 4 4H 2 0 

Soybean protein hydrolyzate 
10 Biotin 

Thiamine hydrochloride 



50 g/l 

1 g/l 

0.4 g/l 
1 0 mg/l 

1 0 mg/l 
20 ml/I 
0.5 mg/l 

2 mg/l 



1 50 g/l 
2 g/l 

.1-5 g/i 
1 5 mg/l 

15 mg/l 

50 ml/I 

2 mg/l 

3 mg/l 



15 Strain 



Table12 



L-glutamic acid (g/l) 



FGR2 


8.9 


GB01 


9.1 


GB02 


9.4 


GB03 


9.4 


FGR2/pSFKC 


9.1 



Example 4 Introduction of mutation into ICDH gene promoter region of 
coryneform glutamate-producing bacterium: 

In this Example, strains having enhanced promoters for genes which codes 
25 glutamate dehydrogenase, citrate synthase and isocitrate dehydrogenase were 
produced.. 

i ■ 

(1) Cloning of icd gene: 

i 

The DNA sequence of icd gene of coryneform bacterium, which codes citrate 
synthase, has already been elucidated [J. Bacteriol. 177, 774-782 (1995)]. On the 
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bases of this sequence, primers shown in Seq ID No. 14 and Seq ID No.15 were 
synthesized. PCR was conducted by using chromosomal DNA of Brevibacterium 
lactofermentum ATCC13869 as the template to amplify about 3 Kbp of DNA fragment 
containing icd gene and promoter thereof. The amplified fragment thus obtained 
was completely digested with EcoRI, and mixed with that obtained by complete 
digestion of P HSG399 (Takara Shuzo Co/, Ltd.) with EcoRI to conduct the ligation. 
After the completion of the ligation, the transformation was conducted using 
competent cells of E. coli JM109. The cells were spread on the L-medium plates 
containing 10 Mg/ml of IPTG, 40m g/ml of X-Gal and 40/, g/ml of chloramphenicol 
After overnight incubation, white colonies were taken and the transformants was 

obtained after single colony isolation. 

The plasmid carrying icd gene was named pHSG399icd. 

(2) Introduction of mutations into icd promoter: 

The accurate ' location of the. promoter of icd gene has not yet been 
determined. The possibility of increasing mRNA transcription level of. icd gene was 
investigated by artificially modifying the upstream sequence of the gene which codes 
ICDH into a promoter-like sequence. Specifically, mutations were introduced into the 
-10 like region existing in the DNA sequence about 190 bp upstream (the first 
promoter) and about 70 bp (the second promoter) upstream from the first ATG of 
ICDH protein. 

Mutan-Super Express Km (Takara Shuzo Co., Ltd.) was used for the 
. introduction of mutation into an upstream region of icd gene. The method is 
specifically described below. pHSG399icd was completely digested with PstI to 
obtain PstI fragment containing the promoter of icd gene. The fragments were 
ligated with the fragment obtained by complete digestion of pKFtBkM (Takara Shuzo 
Co., Ltd) with PstI. After the completion of the ligation, the transformation was 
conducted with competent cells of E. coli JM109 (Takara Shuzo Co., Ltd.). The cells 
was spread on the L-medium containing 1 0 /x g/ml of IPTG, 40 , g/ml of X-Gal and 25 
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10 



15 



20 



n g/ml of kanamycin. After overnight incubation, white colonies were taken and 
transformants were obtained after single colony isolation. From the transformants, 
plasmids were prepared, and the plasmid containing the promoter of icd gene was 
named pKF18icd. 

PCRwai conducted by using pKF18icd as the template and 5'- 
^osphorylated synthetic DNA shown in Seq ID No. 16, Seq ID No.17, Seq ID No.18, 
Seq ID No.19, Seq ID No.20 and Seq ID No.21 and the selection primer. These 

re used for transforming competent cells of E. coli JM109. The 

•t 

on the L-medium plates containing 25 n g/ml of kanamycin. After 
on, formed colonies were taken and the transformants were 



PCR products we 
cells were spread 
overnight incubat 



prepared, and the 
DNA shown in Sd 



obtained after sinjle colony isolation. From the transformants, plasmid DNA was 



sequence of icd promoter region was determined using synthetic 
ID No. 22 by Sanger's method [J. Mol. Biol., 143, 161 (1980)]. 
Specifically, the DlL sequence was determined with Dye Terminator Sequencing Kit 
(Applied Biosystejns), and analyzed with Genetic Analyzer ABI310 (Applied 
Biosystems). Thole obtained by replacing icd promoter region , with a sequence 
shown in Table 7 lere named pKF18ICD1, P KF18ICD2, pKF18ICD3, P KF18ICD4; 
pKF18ICD5 and ll<F18ICD6m respectively. Among them, pKF18ICD2 was 
completely digested with Pstl to obtain Pstl fragment containing the promoter of icd 
gene. The fragrJent was ligated with the fragment obtained by complete Pstl 
digestion of P KF1 8 <M (Takara Shuzo Co., Ltd.). After the completion of the ligation, 

was conducted with competent cells of E. coli JM109 (Takara 
The cells were spread on the L-medium plates containing 10 n 



the transformation 
Shuzo Co., Ltd.) 



25 incubaton, white cc 



g/ml of IPTG, 40 [z g/ml of X-Gal and 25 m g/ml of kanamycin. After overnight 

lonies were taken and the transformed strains were obatined after 



single colony isola 



ion. From the transformed strains, plasmids were prepared, and 
the plasmid containing the promoter of icd gene was named pKF18ICDM2. PCR 
was conducted ushg pKF18ICDM2 as the template and 5'-phosphorilated synthetic 
DNA shown in Seq ID No. 20 and Seq ID No.21 and the selection primer. The 

28 



transformation of competent cells of E. coli JM109 was conducted with the PCR 
product. The cells were spread on the L-medium plates containing 25jug/ml of 
kanamycin. Aftor overnight incubation, colonies thus formed were taken apd 
transformants wene obatined after single colony isolation. From the transformants, 
plasmids DNA were prepared, and the sequence of icd promoter region was 
determined using synthetic DNA shown in Seq ID No. 22. Those obtained by 
replacing icd prompter region with the sequence shown in Table 13 were named 
pKF18ICD25 and PKF18ICD26, repectively. 
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Table 13 



Plasmid 


1 st Promoter 


2nd Promoter 




-35 


-10 


-35 


-10 


pKF18ICD 


GCGACT 


GAAAGT 


TTTCCA 


C AC CAT 


pKF18ICD01 


GCGACT 


TATAAT 


TTTCCA 


CACCAT 


pKF18ICD02 


TTGACA . 


TATAAT 


TTTCCA 


CACCAT 


pKF18ICD03 


TTGACT 


TAAAGT 


TTTCCA 


. CACCAT 


pKF18ICD04 


GCGACT 


GAAAGT 


TTTCCA 


TATAAT 


pKF18ICD05 


GCGACT 


GAAAGT 


TTGCCA 


TA.TAAT 


pKF18ICD06 


GCGACT 


GAAAGT 


TTGACA 


TATAAT 


pKF18ICD25 


TTGACA 


TATAAT 


TTGCCA 


TATAAT 


pKF18ICD26 


TTGACA 


TATAAT 


TTGACA 


TATAAT 



(3) Plasmid construction for determination of promoter activity: 
25 For easily determining the promoter activity, a possible'method is the indirect 

determination of the promoter activity using a reporter gene. Desirable properties 
required of the reporter gene are that the activity can be easily determined, that even 
when an amino acid is added to an N-terminal, the activity is not seriously lowered, 
that the background reaction does not occur and that it has a restriction enzyme 
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• , n Rpcause /3 galactosidase (LacZ) 
of E . coli is widely used as P Appl . Mic robiol.. 18, 399- 

pNEOL carrying ^acZ as the «* J ■ ^ pcR was 
process for .he construct™ ,s descn 59 was deposited with 

using a chror^al ™ A """I "Ipia,, * synthetic DMA shown in 
Nato a, Institute ^ primer . The PCR product was comply 

Sea. ID No. 23 and Se, ID Ho2 ^ ^ ^ by diBestina 

d ,es,ed with S,a, and Ba.H - . ^ „. completion „ 

pKF 3 ( T*ara Shu Z o Co ., ^ ^ „, E. co,i JM109 

- *"* " e c*l spread on the I- — « 

(Tak ara Shuzo Co., L,, he . ^ ^ ^ ^ ^ _ 

as^mlofkanamycrn. After 9 _ ed strain . The plasm.d 

, and separated into respective colon,es to oh^e ^ ^ 

nested with Sa, On ft. other - £ * ^ ^ wefe 

— *- * ^ ; h "It pNEO which can repticate in a 

— l096ther ,0 I' a " was capahie o, a resistance to 
20 coryne.orm Mcter.um. T .s p.a ^ ^ pNE0 was 

ch ,oramphenico> and resrstance to Kan» ^ ^ ^ 

oo^ieteiy digested with Smal and Sse83 . ^ ( ^ ps „ 

and Sma,. Thus, shuttle vector pNEOL ^ ^ ^ ^ 
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and sma , Thus, - - — - " ^ """ 

bacterium and hav.ng LacZ lacking 
was constructed (see Fig.3). 

(4) D-^--£££: :lc,ed,nahove,escriheds,ep (2 ,, 
Plasmids having mfctant icd promo 





Pst , and «n blunt-e* * J y ^ ^ ^ ^ transfwmatj0 w as 

pNEOL with Smal. Ater thecomp ^ 7he cells were spread on the L- 
con duc,ed with competn, cells of . » - ^ ^ ^ ^ ^ ch|oramphenicol . After 

medium plates containing IP^. transformed strains were 

h=fi„n blue colonies were taken ana 
overnight incubation, Hue v. 

obtained after single colony i*"*"' plasnljd s having a 

Fro m the transformed strains, plasmids wer pr P ^ 

• , • o fn<?Pd orotein of ICDH ana w 
secure capable o, P"*"^ P pN£0 , CD4 , pNE0 ,CD5, pNEO,CD6, 
pNEOKDI. pNE0ICD2, pNEO'C^ ^ ^ EachofTn ese plasmids or 
pNEOICD25, pNEOICD26 and pNEOUCft J ^ by electric,! 

pNE0 U was introduced into Brevibactenum — ^ ^ ^ ^ 

pu ,se method. The -tract; 5 * of NaCI, ,., / 

, prising , g* o, bacto,ry,c ,„e J- ^ ^ rf and 

of bl0 «in and 15 g/lo. agar and havin P H ) ^ 

«0 , g,m, o, X.Ga, a, 3,. for two da^ Me ^ 

monies thus formed were taken -d pNEOlcD5 , pNEOICOB, 

^^■■^jS^ — blac2 ' BLAC3, 

BLAC4, BLAC5, BLAC6, BLAC25, BLAC , enzyme solutions were 

torments Cher than BNEO formed b.ue colo- ^ ^ ^ ^ , 

ex cep, that W-r (compnsin - « ■ § ^ ^ suspension «e, 
25 2-ME and NaPi and hav,ng pH 7.5, ^was ^ ^ ^ ^ ^ 

Tn e activity of LacZ was determined as follow ^ ^ ^ was 

. omdp in Z-Buffer having the tinai cui ^ 
enzyme solution, ONPG ,n a| m m at 30 c 

added to the resultant mixture, and the mcreas ^ ^ ^ ^ 

determined with Hitachi spectrophotometer 0-3210 
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proteln ^ration in the cde en Z yme solution was ^ t £ 
BIO RAD) Bovine serum albumin was used as the standard pro,e,n. The resu 

Tin Table 14 It was confirmed that .be LacZ activity o, the s,ra,n hav,ng a 
are sbown in Table 14. I (han 

station in icd promoter and expressing ICDH-LacZ fuse p 

,hat expressing the wild type ICDH-LacZ fused protem. 



Table 14 




10 



15 



itratn 
BNEOL 
BNEOLI 
BNEOLI-1 
BNEOLI-2 
BNEOLI-3 
BNEOLI-4 
BNEOU-5 
BNEOLI-6 
BNEOLI-25 

BNEQLL^ 



d^SS/DQiQ/DQ! 
Not detected 

42 
84 
168 
80 
126 
139 
84 
168 



p Q i a tjx/fi activity 




1.0 
2.0 
4.0 
1.9 

3.0 

3.3 

2.0 

4.0 
4.0L 



20 



25 



fragments were used as 
obtained were ligated 
completion of the ligation 



th e mutant icd promoter sequences. The fragments thus 
wit b pSFKT2 completely digested with Pstl. After the 
,he transformation was conducted with competent cells of E. 



comp etion ot me ny<au«. , » . 

, ,m\ The cells were spread on the L-medium plates 
C oliJM109(TakaraShuioCo.,Ltd.). The cells wer p 
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containing 10 ii A/ml of IPTG. 40// g/ml of X-Gal and 25 m g/ml of kanamycin. After 
overnight incubaffion, white colonies were taken and transformed strains were 
obtained after single colony isloation. From the transformed strains, plasmids were 
prepared. Tempfcrature-sensitive shuttle vectors containing icd promoter were 
5 named pSFKTM, pSFKTI2, pSFKTI3, pSFKTI4, pSFKTIS, pSFKTI6, pSFKTI25 
and pSFKTI26, respectively. 
^<-^ (6) Integreation oflmutant icd promoter into chromosome: 

The plasmids constructed in above-described step (5) were each introduced into 
Brevibacterium lactofermentum GB02 strain by electrical pulse method. The 
10 transformants werel selected with CM2B medium plates(comprising 10 g/l of 
bactotryptone,10 g/l fof bactoyeast extract, 5 g/l of NaCI, 10// g/l of biotin and 15 g/l of 
agar and having pHl 7.0) containing 25 //g/ml of kanamycin at 25°C. After the 
completion of the introduction, the obtained strains were cultured in CM2B liquid 
medium, spread on CM2B plates containing 25// g/ml of kanamycin after the dilution 
15 to a concentration of 1 p 3 to 1 0 5 cfu per plate and cultured at 34°C. The strain having 
the temperature-sensitive plasmid became sensitive to kanamycin because the 
replication of the plasm d was inhibited at this temperature and, therefore, it could not 
form colonies. On the other hand, the strain having plasmid DNA integrated into the 
chromosome could ba selected because it could form colonies. Colonies thus 
20 obtained were taken and separated into isolated colonies. Chromosomal DNA was 
extracted from the strairl and PGR was conducted by using the chromosomal DNA as 
the template with primerfe shown in Seq ID No. 13 and Seq ID No. 15. About 3 kb of 
amplified fragments were confirmed. It was thus proved that in this strain, mutant icd 
gene derived from the temperature-sensitive plasmid was integrated near icd gene in 
25 the host chromosome by homologous recombination. 



(7) Preparation of strains having substituted icd promoter: 

First, kanamycin-sensitive strain was obtained from the strains having mutant icd 
g ene integrated therein by the homologous recombination as described in step (6). 
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The strains having the plasmid integrated therein were diluted and spread on CM2B 
plates and then cultured at 34°C. After the formation of colonies, replicas were made 
on CM2B plates containing 25 /i g/ml of kanamycin, and they were incubated at 34°C. 
Thus, kanamycin-sensitive strains were obtained. 
5 The chromosome was extracted from the kanamycin resistant strain, and PCR was 
conducted using primers shown in Seq ID No. 14 and Seq ID No. 15 to prepare icd 
gene fragments. The amplified fragments thus obtained were purified with 
SUPREC02 (Takara shuzo Co., Ltd.) and then subjected to the sequencing reaction 
using a primer shown in Seq ID No. 22 to determine the sequence of the promoter 

10 region thereof. As a result, strains having icd promoter sequences derived from 
pSFKTM, pSFKTI2, pSFKTI3, pSFKTI4, pSFKTI5, pSFKTI6, pSFKTI25 and 
pSFKTI26 were named GC01, GC02, GC03, GC04, GC05, GC06, GC25 and GC26, 
respectively. In these strains, when the plasmid and duplicate icd gene were excised 
from the chromosome, the icd gene of wild type originally located on the chromosome 

15 was excised together with the vector plasmid, while the mutant icd gene introduced by 
the plasmid remained on the chromosome. 



(8) Determination of isocitrate-dehydrogenase activity of the mutant strains having 
mutant icd promoter: 

20 ICDH crude enzyme solution was prepared by using each of the 8 strains obtained 
in above-described step (7) and GB02 strain in the same manner as that of step (7) in 

i 

Example 3. Tho ICDH activities were determined as follows: The crude enzyme 

\ . . 

solution was adced to a reaction solution containing 35 mM of TisHCI (pH 7.5), 1.5 
mM of MnS0 4 , 0.1 mM of NADP and 1 .3 mM of isocitric acid, and the increase in the 
absorbance at 340 nm at 30°C was determined with Hitachi spectrophotometer U- 
3210 as the activ ty of ICDH. The protein concentration in the crude enzyme solution 
was determined py Protein Assay (BIO-RAD). Bovine serum albumin was used as 



the standard pro 
isocitrate dehydr 



ein. The results are shown in Table 15. It was confirmed that the 
xjenase activity of substituted icd promoter strains was higher than 
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that of the marent strain. 



Table 15 



5 Strain dABS/min/ma Relative activity 

1.0 
2.1 
4.9 
1.8 
3.2 
4.9 
2.7 
7.8 

62 



(9) Results of culturing the strains containing substituted icd promoter: 

Each of the 8 strains obtained in above-described step (7) was cultured in the same 
manner as that in step (9) in Example 3. As a result, the improvement in the yield of 
L-glutamic acid was confirmed when any one of the strains GC02, GC04, GC05, 
20 GC25 and GC26 was used as shown in Table 16. It was found that good results 
were obtained by introducing the mutation into icd promoter to increase the ICDH 
activity to at least 3 times. 

] Table16 

25 Strain [ L-glutamic acid (g/dl) 

i 

GB02 ! 9.2 

f 

GC01 , 9.0 

GC02 9.5 

t 
t 

GC03 9.1 



GB02 


3.9 


GC01 


8.2 


GC02 


19.1 


GC03 


7.0 


GC04 


12.5 


GC05 


19.1 


GC06 


10.5 


GC25 


30.4 


GC26 


24.2 




GC04 
GC05 
GC06 
GC25 
Q£26 



9.4 
9.6 
9.2 
9.9 
OA 



Example 5 deduction of mu,a«on in«o PDH gene proper region o, 
coryneform glutamate-producing bacterium: 

m Cloning of pdhA gene from coryneform bacteria 

Primers shown in Sea, ID No.25 and Seq ID No.26 were synthesized by se.ec„ng 
regions having a hlh homology among El suburiits o, pyruvate dehydrogenase (PDH, 
o, Escherichia Ji, Pseudomonas aeruginosa and Mycobacterium tuberculosa. 
PCR was condoled by using chromosome o, Brevibacterium iactofermentum 
ATCC3869, prepied with a bacteria, genomic DMA purif,ca.ion kit (Advanced 
Genetic Technologies Corp.). as the template under standard reaction conditions 
described on page 8 o, PCR Technology (edited by H. Erlich arid published by 
Stockton Press, 1«k The reaction solution was su,ec.ed to the e,ec,rophores,s,n 
an agarose gel to fid that about 1 .3 kilobases of DNA fragment was amplrfied. The 
sequence o, both el o, the obtained DNA was determined With synthetic DNA shown 



in Seq ID No. 25 a 
method [J. Mol. Biol 



5 



d Seq ID No.26. The sequence was determined by Sanger's 
143 161 (1980)] with DNA Sequencing Kit (Applied Biosystems 
Co ) The determirl sequence was deduced to amino acids, and compared w„h 
El' subunits of pyn-vate dehydrogenase derived from each o, Escherichia co„, 
Pseudomonas aeruginosa and Mycobacterium tuberouiosis to f,nd a high homology 
among them. Consequent,, « was dtermined that the DNA fragment ampiifed by 
PCR was a par. o, rdhA gene which codes El subunit of pyruvate dehydrogenase o 
Brevibacterium lactrfermentum ATCC13869. The Coning o, the upstream and 
downstream region o, the gene was conducted. The Coning method was as 
follows: A chrolosome of Brevibacterium Iactofermentum ATCC13869 was 
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digested with restriction enzymes EcoRI, BamHI, Hind III, Pst I, Sal I and Xba 
I (Takara Shuzo Co., ltd.) to obtain DNA fragments. LA PCR in vitro cloning Kit 
(Takara Shuzo Co., Ltd.) was used for the cloning, using the sequences shown in 
Seq ID No. 27 and Seq ID No.28 in the Sequence Listing as primers for cloning the 
upstream region, and sequences shown in Seq ID No. 29 and Seq ID No.30 as 
primers for cloning the downstream region. After PCR using the kit, DNA fragments 
of about 0.5, 2.5, 3.0, 1.5 and 1.8 kilobases were amplified for the upstream region 
from the fragments obtained by digestion with EcoRI, Hind III, Pst I, Sal I and Xba I, 
respectrively; and DNA fragments of about 1.5, 3.5 and 1.0 kilobase were amplified 
for the downstream region from, the fragements obtained by digestion with BamHI, 
Hind III and Pst Irrespectively. The sequences of these DNA fragments were 
determined in the same manner as that described above. It was found that the 
amplified DNA fragments further contained an open reading frame of about 920 amino 
acids and also that' a region supposed to be a promoter region was present in the 
upstream region. Because the deduced amino acid sequence from the DNA 
sequence of the open reading frame is highly homologous to known El subunit of 
pyruvate dehydrogenase such as that of E. coli, it was apparent that the open reading 
frame was the pdhA gene which codes El subunit.of pyruvate dehydrogenase of 
Brevibacterium lactofermentum ATCC13869. The DNA sequence of the open 
reading frame was shown in Seq ID No. 31 in the Sequence Listing. In Seq ID No. 
31 in the Sequence Listing, deduced amino acid sequence from the DNA sequence is 
also shown. Since methionine residue at N-terminal of the protein is derived from 
ATG which is an initiation codon, it usually does not concern the essential function of 
protein, and it is well' known that the methionine residue is removed by the effect of 
peptidase after the translation. Therefore, in the above-described protein, it is 
possible that methionine residue at the N-terminal has been removed. However, the 
GTG sequence is present in 6 bases upstream of ATG shown in Seq ID No. 31 in the 
Sequence Listing, and it is also possible that amino acids is translated from this point. 
Pyruvate dehydrogenase of other microorganisms such as E. coli are composed of 
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three subunits of E1 , E2 and E3, and genes which encode them constitute an operon 
in many cases. However, there was no open reading frame considered to be E2 and 
E3 subunit of pyruvate dehydrogenase in about 3 kilobases downstream of pdhA 
gene. Instead, it was shown that a sequence supposed to be a terminator was 
5 present in the downstream of the open reading frame.. From these facts, it was 
supposed that E2 and E3 subunits of pyruvate dehydrogenase of Brevibacterium 
lactofermentum ATCC 13869 were present in another regon on the chromosome. 

(2) Construction of a plasmid for amplifying pdhA: 
10 It was already apparent that a strain obtained by introducing a gene which 

aj codes three subunits constituting PDH of E. coli into Brevibacterium lactofermentum 
Ci- ATCC13869 gives an improved glutamic acid yield (JP No. 10-36061 9). However, in 
jj PDH of Brevibacterium lactofermentum ATCC13869, only pdhA gene which codes 
^ El subunit had been cloned, and no examination had not been made to know whether 
a 15 the amplification of the gene alone is effective in improving the yield of glutamic acid, 
ifl Under these circumstances, examination was made to know whether the amplification 
jfl of pdhA gene alone is effective in improving the yield of glutamic acid or not. - 

Primers shown in Seq ID No. 33 and Seq ID No.34 were synthesized on the 
basis of the previously cloned DNA sequences. PCR was conducted by using 
20 chromosome of Brevibacterium lactofermentum ATCC13869, prepared with a 
Bacterial Genomic DNA Purification kit (Advanced Genetic Technologies Corp.), as 
the template under standard reaction conditions described on page 8 of PCR 
Technology (edited by H. Erlich and published by Stockton Press, 1989) to amplify 
pdhA gene. Among the primers thus synthesized, Seq ID No. 33 corresponded to a 
25 sequence of base No. 1397 to No. 141 6 in pdhA gene described in Seq ID No. 32 in 
the Sequence Listing. Seq ID No. 34 was the complementary strand of the DNA 
sequence corresponding to the sequence of base No. 5355 to No,5374 in Seq ID No. 
32 in the Sequence Listing, which was represented from the 5' side. 

PCR product thus obtained was purified by an ordinary method and reacted 
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with restriction enzyme Sal I and EcoT22l. The fragment was ligated with 
pSFK(Patent Application No. 11 -69896 ), cleaved with restriction enzymes Sal I and 
Pst I, with a ligation kit (Takara Shuzo Co., Ltd.). After the transformation with 
competent cells (Takara Shuzo Co., Ltd.) of E. coli JM109, the cells were spread to 
5 the L-medium medium plates(comprising 10 g/l of bactotryptone, 5 g/l of bactoyeast 
extract, 5 g/l of NaCI and 15 g/l of agar and having pH 7.2) containing 10/ig/ml of 
IPTG (isopropyl-3-D-thiogalactopyranoside), 40 // g/ml of X-Gal (5-bromo-4-chloro-3- 
indolyl- j3 -D-galactoside) and 25 m g/ml of kanamycin. After overnight incubation, 
white colonies were taken and the transformed strains were obtained after single 

10 colony isolation. 

From the trahsformned strains, plasmids were prepared by alkali method (Seibutsu 




Kogaku Jikken 
p. 105, 1992). 
were prepared 



■sho edited by Nippon Seibutsu Kogaku kai and published by Baifukan, 
Restriction enzyme maps of DNA fragments inserted into the vectors 
and compared with the restriction enzyme map of pdhA gene reported 



15 in sequence No. 32 of the Sequence Listing. A plasmid containing DNA fragments 
inserted therein having the same restriction enzyme map as that of pdhA gene was 
named pSFKEjPDHA. 

(3) Introduction of pASFKBPDHA into Brevibacterium lactofermentum 

20 ATCC1 3869 and GC25 and evaluation of the fermentation experiments: 
^0(^> Brevibacterium Jactofermentum ATCC1 3869 and GC25 were transformed with 
plasmid pSFKBPDHA Ay electrical pulse method (J. P. KOKAI No.2-207791) to obtain 
the transformed strains! The culture for producing L-glutamic acid was conducted 
with transformed strain ATCC13869/pSFKBPDHA and GC25/pSFKBPDHA obtained 
25 by introducing plasmid pSFKBPDHA into Brevibacterium lactofermentum ATCC1 3869 
and GC25 as follows: (tells of ATCC13869/pSFKBPDHA and GC25/pSFKBPDHA 



obtained by the culture 
were inoculated into a m 



CM2B medium plates containing 25 \i g/ml of kanamycin 
3dium (comprising 1 liter of pure water containing 80 g of 



glucose, 1 g of KH 2 P0 4) (5.4 g of MgS0 4 7H 2 0, 30 g of (NH 4 ) 2 S0 4 , 0.01 g of FeS0 4 
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7H 2 0, 0.01 g of Mr|s0 4 7H 2 0, 15 ml of soybean protein hydrolyzate, 200 ng of 
thiamine hydrochlori de, 60 m 9 of biotin, 25 mg of kanamycin and 50 g of CaC0 3 ; and 

_ . .— n . — i ' I 



having a pH adjuste 



to 8.0 with KOH). Then the culture was shaked at 31 .5°C until 
sugaHn the mediurl had been consumed. The obtained products were inoculated 
into the medium of he same composition as that described above (for GC25/pSFK6 
and GC25/ P SFKBcLa) or the medium eliminated Biotin from the composition as that 
described aboveir ATCC13869/pSFK6 and ATCC13869/pSFKBPDHA) in an 



amount of 5 %, s 



nd the shaking culture was conducted at 37°C until sugar, in the 
medium had beei consumed. As a control, strains obtained by transforming 
10 Brevibacterium laitofermentum ATCC13869 and GC25 with previously obtained 
palsmid pSFK6> Japable of autonomously replicating in coryneform bacterium by 
electrical pulse Method (J. P. KOKAI No. 2-207791), were cultured in the same 
manner as that cLcribed above. After the completion of the culture, the amount of 
glutamic acid! accumulated in the culture medium was determined with Biotic 
15 Analyzer AS-2l| (a product of Asahi Chemical Industry Co., Ltd.). The results are 
shown in Table \ 7. 



Table 17 



20 



25 



Strain 



ATCC13869/Psfk 
ATCC13869/pSFKBPDHA 

GC25/pSFK 6 
nr.9fi/ pRFKBPDHA 1 



Yiplri nf L-qj' l^mi r - arid (a/dl ^ 

3.6 
3.8 
5.1 

53 



■ From these results,; it was apparent that even the amplification of pdhA gene 
alone is sufficiently effective in improving the yield of Glu in Brevibacterium 
lactofermentum ATCC1 3869 and GC25. 
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(4) Construction of plasmids for determination of the activity of mutated pdhA 
promoter: 

To produce* promoter mutant of pyruvate dehydrogenase (PDH), the 
determination of the previously cloned promoter region of pdhA gene of 
5 Brevibacterium lactofermentum ATCC13869 was conducted and also the 
determination of difference in the expression caused by the modification of the 
promoter region were conducted by determining the activity of j3 -galactosidase. 

The promoter region of pdhA gene was presumed from the DNA sequence 
which had been already elucidated by cloning. As a result, it was supposed to be 
10 possible that base No. 2252 to No.2257 and No. 2279 to No. 2284 in Seq ID No. 32 in 
D the Sequence Listing were -35 region and -10 region, respectively. Therefore, 

r.'z l 
:.= s f 

•4 primers shown as Seq ID No. 35 and Seq ID No.36 in the Sequence Listing were 

n synthesized, and DNA fragments containing promoter region of pdhA gene were 

^ amplified by PCR method by using chromosomal DNA of Brevibacterium 

L 15 lactofermentum /^TCC13869 as a template. Among the synthesized primers, Seq ID 

» \ 

H No. 35 corresponded to the sequence ranging from base No. 2194 to base No. 2221 

U I 

J! in Seq ID No. 32; but the base No. 2198 had been replaced with C, and the base No. 

ll 2200 and No.2202 had been replaced with G, and recognition sequence for restriction 
enzyme Smal had been inserted. Seq ID No. 36 corresponded to the sequence 
20 ranging from base No. 2372 to base No. 2398 in Seq ID No. 32; but base No.2393 
and No.2394 had been replaced with G, and the complementary strand of the DNA 
sequence having a recognition sequence of restriction enzyme Smal inserted therein 
was represented from the 5'-end. PCR was conducted by using chromosome of 
Brevibacterium lactofermentum ATCC13869, prepared with Bacterial Genomic DNA 
25 Purification kit (Advanced Genetic Technologies Corp.), as the template under 
standard reaction conditions described on page 8 of PCR Technology (edited by H. 
Erlich and published by Stockton Press, 1989) to amplify the promoter region of pdhA 
gene. PCR product thus obtained was purified by an ordinary method and reacted 
with restriction enzyme Sma I. The fragments were ligated with pNEOL lacking in 
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promoter region of lacZ gene which could be replicate in a coryneform bacterium 
and which had been digested with restriction enzymes Sma I, (Example 4 (3) with a 
Ligation Kit (Takara Shuzo Co., Ltd.). After the transformation with competent cells 
(Takara Shuzo Co., Ltd.) of E. coli JM109, the cells were spread on the L-medium 
5 plates(comprising 10 g/l of bactotryptone, 5 g/l of bactoyeast extract, 5 g/l of NaCI and 
15 g/l of agar and having pH 7.2) containing 40^ g/ml of X-Gal (5-bromo-4-chloro-3- 
indolyl- j3 -D-galactoside) and 25^g/ml of kanamycin. After overnight incubation, 
blue colonies were taken and the transformed strains were obtained after single 
colony isolation. From the transformants, plasmids were prepared by alkali method 
10 {Seibutsu Kogaku Jikken-sho edited by Nippon Seibutsu Kogaku-kai and published by 
Baifukan, p. 105, 1992). After sequencing DNA fragments inserted into the vector by 
an ordinary method, the plasmid containing the DNA fragment inserted therein was 
named pNEOLBPDHAprol. 

Further, primerte indicated as Seq ID No. 37, Seq ID No.38 and Seq ID NO. 39 
in the Sequence Listing were synthesized for constructing plasmids wherein a region 
supposed to be the promoter site was changed to the consensus sequence of 
promoters of coryneform bacteria. By using each of the primers and a primer shonw 
in Seq ID No. 36, DNA fragments wherein the promoter region of pdhA gene was 
changed to the conse nsus sequence were amplified by PCR method by using 



20 chromosomal DNA of 
Among the synthesize 
ranging from base No. 
been replaced with C, 



Brevibacterium lactofermentum ATCC13869 as a template, 
d primers, Seq ID No. 37 corresponded to the sequence 
2244 to base No. 2273 in Seq ID No. 32; base No. 2255 had 
and base No. 2257 had been replaced with A; thus only -35 



region had been chan jed to the consensus sequence of the coryneform bacteria. 
25 Seq ID No. 38 correspc nded to the sequence ranging from base No. 2249 to base No. 
2288 in sequence No. :i2; base No. 2279 and No.2281 had been replaced with T; thus 
only -10 region had been changed to the consensus sequence of the coryneform 
bacteria. Sequence No. 39 corresponded to the sequence ranging from base No. 
2249 to base No. 2288 in Seq ID No. 32; base No. 2255 had been replaced with C, 
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3 



base NO 2257 had L repiaced with A. and base No. 2279 and No.2281 had been 
repl aoed with T; .hi both -35 region and -10 region had been changed to me 
consensus sequencl of the coryneform bacteria. PCR was conducted by us,ng 
chromosome of BrLacterium lac.ofermen.um ATCC13869, prepared w„h a 
Bacterial Genomic DMA Purification Kit (Advened Genetic Technologies Corp.), as 
the template under standard reaction conditions described on page 8 of PCR 
Technology (edited by H. Erlich and published by Stockton Press, 1969, to amplify the 
promoter region of pL gene with these phmers so that the promoter region was 
changed to the consensus sequence. PCR products thus obtained were purified by 
an ordinary method aL reacted restriction enzyme Smal. The fragments were 
ligated with pNEOL ,a *ing the promoter region of lacZ gene, which could reolrcate ,n 
a coryneform bacterl and wftich had been cleavaged with restriction enzymes Sma 
, with a Ligation * (Takara Shuzo Co, Ltd.). After the transformation w,,h 
competent cells (Tall Shuzo Co., Ltd.) o, E. coli JM109, .he cells were spread on 
, h e L-medium plates (Lphsing 1 0 gfl of bac.otryp.one, 5 g/l of bactoyeast extract, 
gfl of NaCI and 15 g/ of agar and having pH 7.2) containing 40, g/ml of X.Gal (5- 
b r cmo-4-chloro-3-indoll- 0 -D-galactoside) and 25 , g/ml- of kanamycin. After 
overnight incubation, Le colonies were taken and the transformed strains were 
obatined after single Lny isolation. From the transformed strains, plasmids were 
prepared by the alkli method (S**. Koga^u ^ert-sno. edited by Nippon 

sau*, ***, *4 d » ublished by P 105 ' 1 " 2) ' ^ SeqUenCi " 9 

DMA fragments inserJl into the vector by an ordinary method, the plasmid conta.n.ng 
DMA fragments, where n only the sequence in -35 region had been changed to the 
consensus sequence, i serted therein was named pNEOLBPDHApro35; the plasmid 
26 containing DMA fragm nts, wherein only the sequence in -10 region had been 
changed to the corLsus sequence! was inserted therein was named 
pNEOLBPDHAprolO; and the plasmid containing DNA fragments, where,n the 

region and -10 region had been changed to the consensus 
therein was named p NEOLBPDHApro3510. 



15 



20 



sequences in both -35 
sequence, was inserted 
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(5) The elavuatidjn of the mutated pdhA promoter activity: 

BrevibacWum lactofermentum ATCC13869 was transformed with plasmids 
named pNEOLB ?DHApro1 , pNEOLBPDHAprolO and P NEOLBPDHApro3510 by 
electrical pulse method (J. P. KOKAl No. 2-207791 j to obtain the transformed strains. 
5 -galactosidase activity of the obtained transformants was determined by the method 
described in Example 4(4). After changing the sequence in the promoter regton to 
the consensus , equence, e^alactosldase activities were as show* in Table 18, 
wherein the enz/matic activity of S -galactosidase having the promoter region of 
pdhA gene was ^iverr as 1 . 



Strain 



ATCC13869/pNEOLBPDHAprol 
ATCC1 3869/pNEOLBPDHAprolO 
atp.P.1 3869/pNF ni RPnH Apro351 0 



Table 18 

p -GalactosidasP activity (re lative value; 

1 
6 

7.5 



These results indicate that the supposed promoter region was the promoter of 
pdhA gene and that th'e expression of PdhA can be changed (enhanced) by changing 
the sequence in this rigion into the consensus sequence. This fact indicates that the 
expression can be changed, without using plasmid, by changing the promoter region 

of pdhA gene. | 

i 

i 

(6) Construction of plasmid for preparation of promoter varied strain: 

Since it had bben proved that the expression of pdhA can be changed by 
introducing mutations [into the promoter, plasmids for preparing a pdhA promoter 
modified strains were constructed. Three constructs of the plasmids for the promoter 
modified strains were! constructed. They were plasmids wherein -35 reg.on, -10 
region and both of them were changed to the consensus sequence, respectively. 
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Primers shown in Seq ID No. 40 and Seq ID No. 41 were newly synthesized on 
the basis of the DNA sequence which had already been cloned. Among synthesized 
primers, Seq ID No. 40 was the complementary strand of the DNA sequence 
corresponding to a sequence ranging from base No. 2491 to base No. 2521 in Seq ID 
5 No. 32, which was represented from the 5'-end, and to which a sequence comprising 
three As followed by four T's at the 5' terminal. Seq ID No. 33 was the 
complementary strand of the DNA sequence corresponding to the sequence ranging 
from base No. 5020 to base No. 5039 of pdhA gene in Seq ID No. 32, which was 
represented from! the 5'-end. PCR was conducted by using Seq ID No. 33 and Seq 
D 10 ID No. 40 as the primers and chromosome of Brevibacterium lactofermentum 

*.n \ 

yi ATCC13869, prepared with Bacterial Genomic DNA Purification Kit (Advanced 

,1 Genetic Technologies Corp.), as a template under standard reaction conditions . 

described on page 8 of PCR Technology (edited by H. Erlich and published by 
^1 Stockton Press. 1989). Further, PCR was conducted by using Seq ID No. 39 and Seq 

Q 15 ID No. 41 and chromosome of Brevibacterium lactofermentum ATCC13869 as a 
fy template. The PCR products thus obtained were purified by an ordinary method. ' 

S PCR was conducted by using PCR products obtained by using Seq ID No. 33 and 

W No.40, PCR products obtained by using Seq ID No. 39 and Seq ID No.41 and Seq ID 

No. 33 and 41 as the primers. The PCR condition was as follows: The 
20 concentration of these four DNA would be 10 \x M in the reaction cocktail and La taq 
(Takara Shuzo Co., Ltd.) was used without template. PCR products were purified by 
an ordinary method, and reacted with restriction enzyme Sal I and Xho I. The 
fragments thus obtained were ligated with fragments obtained by digesting 
temperature-sensitive plasmid pSFKT2 with Sail, which can replicate in a coryneform 
25 bacterium, by using Ligation Kit (Takara Shuzo Co., Ltd.). After the transformation 
with competent cells (Takara Shuzo Co., Ltd.) of E. coli JM109, the cells was spread 
on the L-medium plates(comprising 10 g/l of bactotryptone, 5 g/l of bactoyeast extract, 
5 g/l of NaCI and 15 g/l of agar and having pH 7.2) containing 10 /ig/ml of IPTG 
(isopropyl- j3 -D-thiogalactopyranoside), 40 \l g/ml of X-Gal (5-bromo-4-chloro-3- 
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indolyl- j3 -D-galactoside) and 25/ig/ml of kanamycin. After overnight incubation, 
white colonies were taken and transformants were obtained after single colon 
isolation. From the transformants, plasmids were prepared by the alkali method 
(Seibutsu Kogaku Jikken-sho edited by Nippon Seibutsu Kogaku-kai and published by 
5 Baifukan, p. 105, 1992). After sequencing DNA fragments inserted into the vector, 
the base sequence was compared with that of pdhA gene reported in sequence No. 
32. The plasmid containing DNA fragments, wherein only the sequences in -35 
region and -10 region of the promoter were changed to the consensus sequence of 
the coryneform bacteria, inserted therein was named pSFKTPDHApro3510. 

10 A plasmid wherein -35 region of the promoter of pdhA gene had been changed 

to the consensus sequence of coryneform bacteria, and also plasmid wherein -10 
region of the promoter of pdhA gene had been changed to the consensus sequence 
of coryneform bacteria were constructed in the same manner as that described above 
except that Seq ID No. 39 in the Sequence Listing was replaced with Seq ID No. 37 

15 and 38, respectively. These plasmids were named pSFKTPDHApro35 and 
pSFKTPDHAprol 0, respectively. 



3 ; : 



(7) Preparation of promoter modified strains: 

Strains having modified pdhA gene promoter were prepared by the 

20 homologous recombination by using the plasmid for preparing promoter varied strain 
constructed in the above-described step (6). 

First, GC25 was transformed with plasmid pSFKTPDHApro3510 for preparing 
promoter modified strain by electrical pulse method (refer to J. P. KOKAI No. 2- 
207791). The cells were spread on CM2B mediu plates (comprising 10 g/l of 

25 polypeptone, 1 0 g/l of bactoyeast extract, 5 g/l of NaCI, 1 0 \i g/ml of biotin and 1 5 g/l of 
agar, and having pH 7.2) and cultured at 25°C to obtain transformed strains. These 
transformants were cultured in CM2B liquid medium in a test tube overnight and then 
spread on CM2B medium plates containing 25 /i g /ml of kanamycin and cultured at 
34°C to obtain a a strain caused by once-recombination which contains plasmid 
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.3 

pSFKTPDHpro3510 on its chromosome inserted by the homologous recombination. 
After single colony isolation, this strain was cultured in CM2B liquid medium in a test 
tube overnight. After the suitable dilution, it was spread on CM2B medium plates 
and cultured at 31.5°C. After the colonies began to appear, the repllicas were made 
5 on CM2B medium plates containing 25jug/ml of kanamycin to obtain kanamycin- 
sensitive strains. Since two kinds of the strains, i.e. a strain having the sequence of 
wild type strain for the promoter region of pdhA gene and another strain having the 
mutation introduced therein, could be occured, this region was sequenced. Thus, a 
promoter modified strain, wherein the mutation had been introduced into the promoter 
^ 10 region of pdhA gene, was obtained. In this strain, -35 region and -10 region of 
]\i promoter of pdhA gene had been changed to the consensus sequence of coryneform 

H bacteria. This strain was named GD3510. 

□ Strains wherein -35 region or -10 region of promoter of pdhA gene had been 

iH changed to the consensus sequence of coryneform bacteria were obtained in the 

L 15 same manner as that described above except that above described plasmid 
:;;! pSFKTPDHApro3510 for producing the promoter modified strain was replaced with 

IJ1 plasmid pSFKTPDHApro35 and pSFKTPDHAprolO for producing promoter modified 

p strains and they were named GD35 and GD10, respectively. 

20 (8) Evaluation of the results of flask culture of pdhA gene promoter modified strains: 
The flask culture for producing L-glutamic acid was conducted with three kinds 
of pdhA gene promoter modified strains obtained as described above. Each of the 
cells of the promoter modified strains GD3510, GD35, GD10 and GC25 obtained by 
the culture on CM2B medium plates was inoculated into a medium (comprising 1 liter 

25 of pure water containing 30 g of glucose, 1 g of KH 2 P0 4) 0.4 g of MgS0 4 7H 2 0, 30 g of 
(NH 4 ) 2 S0 4 , 0.01 g of FeS0 4 7H 2 0, 0.01 g of MnS0 4 7H 2 0, 15 ml of soybean 
hydrolyzate, 200 /ig of thiamine hydrochloride, 60 fi g of biotin and 50 g of CaC0 3 ; 
and having a pH adjusted to 8.0 with KOH). Then the culture was shaked at 31 .5°C 
until the sugar in the medium had been consumed. The obtained products were 
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inoculated into the medium of the same composition as that described above ,n an 
amount of 5%, and the shaking culture was conducted at 37°C until sugar in the 
medium had been consumed. After the completion of the culture, the amount of L- 
glu tamic acid accumulated in the culture liquid was determined with Biotic Analyzer 
AS-210 (a product of Asahi Chemical Industry Co., Ltd.). The results are shown in 
Table 19. 



Table 19 



10 



20 



25 



itrain 



GC25 
GD35 
GD10 
15 GJJ3510 



I -nlutamic a cid fa/dl 
1.9 
2.0 
2.0 



2A 



It was apparent from the results that the obtained promoter modified strains 
provided improved Glu yields. 

Example 6 Introduction of mutation into promoter region of arginosuccinate 
synthase gene: 

1) Determination of DNA sequence in the upstream of argG gene: 




to amplify argG gene of Brevibacterium flavum by PCR, the DNA 
upstream and downstream regions of the ORF were determined. 
The determination^ of the DNA sequences was conducted by synthesizing a primer 
based on the knoin DNA sequence (Gen Bank accession AF030520) of ORF of argG 



In order) 
sequences in the 



gene of Coryneba 



terium glutamicom and using in vitro LA PCR cloning kit (Takara 
shuzo Co Ltd.) I accordance with the instruction manual included in the kit. As 
primers, they wenj specifically used oligonucleotide (primers 1 and 2) having the DNA 



48 



G SIS 



5.5 z 



sequences set out as Seq ID No. 42 and Seq ID No.43 for the upstream region, and 
oligonucleotide (pr|ners 3 and 4) having the DNA sequences set out as Seq ID No.44 
and Seq ID No.45 Tor the downstream region. The DNA sequences in the upstream 
and downstream [region of argG were determined by completely digesting 
chromosome DNA of 2247 strain (ATCC14067), i.e., wild type strain of Brevibacterium 
flavum, with a restriction enzyme EcoRI, conducting first PCR with the primer 2 or 3 
(having sequence ljlo.43 or 44), and conducting second PCR with the primer 1 or 2 
(having sequence Np. 42 or 45). 



^ 10 2) Prediction of promoter region: 

A promoter-like sequence in the upstream of ORF of argG gene was search for 
the above-described sequences with a commercially available software (GENETYX). 
The mutation was introduced into a region of the highest score (about 120 bp 
upstream of the first ATG). Then, the promoter activity was measured. 

15 



3) Introduction of mutations into promoter sequence, and determination of activity of 
mutant promoters: . - ■ . 

Mutation-introducing primers 9, 10, 1 1, 12 or 13 and 7 (having sequence No. 
50, 51, 52, 53, 54 or 48, respectively) for a region of the highest score were used, 

20 and the first PCR was conducted with chromosomal DNA of AJ12092 strain as a 
template. The second PCR was conducted with the same chromosomal DNA as the 
template by using the PCR product as the primer for 3'-end and also using the primer 
8 having sequence No. 49 as the primer on 5'-end to obtain DNA fragments having 
the mutation introduced in the intended promoter region. To determine the activity of 

25 the mutant promoters, these DNA fragments were inserted into Smal site of promoter 
probe vector pNEOL so that they were in the same direction with lacZ reporter gene to 
obtain plasmids pNEOL-1, pNEOL-2, pNEOL-3, pNEOL-4 and pNEOL-7. As a 
control for the activity, plasmid pNEOL-0 was constructed by inserting the DNA 
fragment, obtained by PCR using chromosomal DNA of AJ12092 strain and primers 7 
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as 



and 8 into the upstream of lacZ gene of pNEOL 

pNEOL,, pNEOM, pNEOL-2, pNEOL-3, pNEOL-4 an, pNEOL-7 we, 
Educed into AJ12092 strain.respectM, The piasmids were introduced b y 
eiectrica, pulse nethod ,, P KOKA, No. 2-207791). The .ransforman, were 
seiected on CMS G 'medium p,a»e S («,mprising 1 liter o, pure water oon.a,n,ng 10 g 
polypeptone, 10 p i, yeas, extract, 5 , o. glucose, 5 g o, NaC, and 15 g o, agar, ar* 
Ling PH 7.2, <cnjainin 9 4 , g/ml o, chloramphenicol, as ch,oramphen,co,-res,s«an, 

were each spread on an agar medium (containing 0.5 ,M o, 

a mi ^ extract 0 5 g/dl of NaCI and 5 n g/l of 
glucose, 1 g/dl of polypeptone, 1 g/dl of yeast extract, u.o g 

and cultured at 31,°C for 20 hours. One „ of the ce, - 
obtain ed was inoculated into a medium (containing 3 g/d. of * 
amm onium sulfate, 0, g/d. of KH 2 P0 4 , 0.04 g/d, of MgS0 4 , 0.001 g/d. of FeSO .0 
g/d , of MnS0 4 , 5,g/d. of VB, 5„g/d> of biotin and 45 mg/d. (in terms of N) of 
soybean hydro.yzate]. After the cu.ture at 31,°C for 18 hours, 0 -ga.actos.dase 
activityoftheobtainedce..swasdeterminedasdescribedin.Examp.e4(4). 

Since. -galactosidase activity was detected in AJ 12092/pNEOL-0 as 
Tab, 20, it was found that the DNA fragment inserted into the upstream of the gene 
of lacZ structure functioned as a promote, In addition, „ " 
each of the p.asmid-introduced strains was higher than that of AJ 12092/ P NEOL-a It 
was thus found that the transcription activity was increased by the introduce of the 
mutation into the promoter-like sequence, as shown in Table 20. 

Table 20. 



25 



AJ 1 12092 

AJI12092/pNEOL-0 
AJI12092/pNEOL-1 
AJI12092/pNEOL-2 



EejaiiyjLacJ^^ 

nd 

1.0 

2.8 

2.7 
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AJI12092/pNEOL-3 1.8 
AJI12092/pNEOL-4 0.8 

A.II17092/DNEOL-7 

5 4) Construction of a plasmid for introduction of mutation: 

PCR was conducted by using primers 14 and 15 (having the sequence of Seq 

j 

ID No. 55 and Seq ID No.56) with chromosomal DNA of AJ12092 strain as the 
template. These DNA fragments thus obtained were inserted into a smal site in a 
multicloning site of cloning vector pHSG398 (a product of TaKaRa) to construct 

10 plasmid pO. Then, pO was digested with restriction enzymes EcoRV and BspHI, and 
also pNEOL-3 and pNEOL-7 were digested with restriction enzymes EcoRV and 
BspHI. DNA fragments thus obtained were ligated to obtain mutation-introducing 
plasmids p3 (mutant derived from mutation-introducing primer 11) and p7 (mutant 
derived from mutation-introducing primer 1 3). 

15 5) Introduction of mutation-introducing plasmids into Arg-producing bacterium: 

Each of the plasmids thus obtained was introduced into Arg-producing 
bacterium of the strain Brevibacterium lactofermentum AJ12092 by electrical pulse 
method (J. P, KOKAI No. 2-207791). Since these plasmids could not 
autonomously replicate in Brevibacterium, only the strains obtained by integrating 

20 these plasmids into the chromosome by homologous recombination could be selected 
as Cm-resistant strains. Strains in which the mutation-introducing plasmid was 
integrated into the chromosome were selected as chloramphenicol-resistant strains 
on CM2G medium plates (comprising 1 liter of pure water containing 10 g of 
polypeptone, 1.0 g of yeast extract, 5 g of glucose, 5 g of NaCI and 15 g of agar, and 

25 having pH 7.2) containing 5/ig/ml of chloramphenicol. Then, Cm-sensitive strains 
were selected in which the promoter region of argG gene was replaced with the 
intended modified sequence. 

As a result, a strain substituted with P3 sequence (AJ12092-P3) and a strain 
substituted with P7 sequence (AJ12092-P7) were obtained. 
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(6) Cloning of argG gene 

Based on the DNA sequence determined as in (1), oligonucleotides (primers 5 
and 6) having the DfclA sequence set out in Seq ID No. 46 and Seq ID No.47 were 
5 synthesized to conduct PCR using chromosomal DNA of Brevibacterium flavum as a 
template. The PCR [reaction was conducted in 25 cycles, each cycle consisting of 
94°C for 30 second! 55°C for one second and 72°C for 2 minutes and 30 seconds. 
The thus-obtained DNA fragment was cloned to Smal site in multi-cloning site of 
cloning vector pSTV29 (Takara shuzo Co. Ltd.) toobtain pSTVargG. Furthermore, 
!5S 10 pargG was prepared by inserting into Sail site of pSTVargG a fragment containing the 

ained by treating pSAK4 set out in Example 1 with Sail. 
-gG into Brev.: 

pargG was introduced into the strain Brevibacterium lactofernentum AJ12092. 
Plasmid was introduced by electrical pulse method (J. P, KOKAI No. 2-207791). The 
!U 15 transformant was selected as chloramphenicol-resistant strain on CM2G medium 
plates(comprisi|ig 1 liter of pure water containing 10 g of polypeptone, 10 g of yeast 
yi extract, 5 g of qlucose, 5 g of NaCI and 15 g of agar, and having pH 7.2) containing 4 
O v g/ml of chloramphenicol. 



replication origin ob 
7) Introduction of pa 




20 8) ArgG activity of promoter modified strains: 

ArgG activities of the above-described two kinds of argG promoter modified 
strains and a strain obtained by amplifying argG with plasmid (AJ12092/pargG) were 
determined. These strains were each spread on a agar medium (containing 0.5 g/dl of 
glucose, 1 g/dl of polypeptone, 1 g/dl of yeast extract, 0.5 g/dl of NaCI and 5 ^ g/l of 

25 chloramphenicol), and cultured at 31.5°C for 20 hours. One aze of the cells thus 
obtained were inoculated into a medium [containing 3 g/dl of glucose, 1.5 g/dl of 
ammonium sulfate, 0.1 g/dl of KH 2 P0 4 , 0.04 g/dl of MgS0 4 , 0.001 g/dl of FeS0 4 , 0.01 
g/dl of MnS0 4 , 5 /i g/dl of VB 1( 5// g/dl of biotin and 45 mg/dl (in terms of N) of 
soybean hydrolyzate]. After the culture at 31.5°C for 18 hours, ArgG activity of the 
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bt ained cells was defined by the me,hod described above journal of Genera, 
h ,1990, 136 1177-11831 Ar g G aelivilies of «he above-described .wo 

::: s n — — - - 7; * 

^fying IrgG wi,h plasmid are shown in Table «. I. * 

AJ1209z r wc Qf the parent 

ArgG activity of AJ12092/pargG was about 4.5 fames h.g 



strain. 



10 



A J 1 12092 
AJI12092-P3 
15 AJI12092-P7 
AJU2Q22iparga 



Table 21 

Relative n rfivity (A -H 7092=1 

1.0 
2.1 
2.9 

44 



20 



25 



F 

9) A rg production by promoter modified strains: 

Ulcere o, each o, argG promo,, modified stains was — As 
contro , paren. strain W 1 2 09 2 and —,0 « *^ 0( £ 
stralns were each inocu,a,ed info a medium .con^ng ° 
, M„SO 0 001 g/dl of FeS0 4 , 0.01 g/dl of MnSO„ 5 „ g/dl of VB„ V 9'dl 
X 9 : nls of „ o, soybean h yd— and .hen spread.anag, 
m edium (containing 0, g,d, of glucose, 1 g» of po.ypep.one, *, ^ 
0 5 g» of NaC, and 5 „ g, o, chloramphenicol,, and Cured a. 3 , C for 20 ho - 
OnL o, tire ceils were Cured in a flasK con.ain.ng 4 g,d, of ,ucose and 6, « 

« a a , 31 SC un.il glucose had been complexly consumed. The 
of ammonium sulfate a. 31 .5 o uran gi 

eosorbance < CD 6 2 0, o, ,e cu,,re ,,uid * a concen,at, on ^ 
HC, so,u.ion, .he guan, y of arginine produced ( concen,a.,on: g,di, and cu,,re 
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10 



20 



were shown in Table 22. 

It is apparent from Table 22 that when argG promoter modified strain was used, the 
yield of arg was increased to a level equal to that of argG amplified with plasmid. As 
for the promoter varied strains, both AJ12092-P3 and AJ12092-P7 had the culture 
time equal to that of the parent strain, while the culture time of the plasmid amplified 
strain was increased. It was thus apparent that Arg productivity thereof was higher 
than that of the plasmid amplified strain. 



Table 22 





OD 


Arg (g/dl) 


Culture time 
0D . 


Productivity 
(g/dl/h) 


AJI2092 


0.502 


1 .25 


48 


0.026 


AJI2092-P3 


0.510 


1.47 


48 


0.031 


AJI2092-P7 


0.514 


1.43 


48 


0.030 


AJI2092/paraG 


0.520 


1.47 
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0.028 




Example 7 Introduction of mutation into GDH gene promoter region. of 
coryneform glutamate-producing bacterium: 

(1 ) Construction of mutant gdh plasmids: 
Plasmids having GDH promoter sequence of FGR1 strain and FGR2 strain 



described in 



t 



obtaining GDI- 
synthetic DNA 



xample 2 were constructed by site directed mutagenesis. For 



promoter sequence of FGR1 strain, PCR was conducted by using 
shown in Seq ID No. 57 and synthetic DNA shown in No. 60 as the 



25 primers and chromosomal DNA of ATCC13869 as the template; and on the other 



hand, PCR ws 
synthetic DNA 
ATCC13869 ai 
shown in Seq 



s conducted by using synthetic DNA shown in Seq ID No. 58 and 
shown in Seq ID No. 59 as the primers with chromosomal DNA of 
the template. Further, PCR was conducted by using synthetic DNAs 
D Nos. 57 and Seq ID No.58 as the primers with a mixture of these 
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15 



PCR products as the! template. The PCR product thus obtained was inserted into 
Smal site of pSFK"2 (Japanese Patent Application No. 11-69896) to construct 
pSFKTGH. To obtain GDH promoter sequence of FGR2 strain, PCR was 
conducted by using synthetic DNA shown in Seq ID No. 57 and synthetic DNA shown 
5 in Seq ID No. 62 a| the primers and chromosomal DNA of ATCC13869 as the 
template; and on the other hand, PCR was conducted by using synthetic DNA shown 
in Seq ID No. 58 and synthetic DNA shown in Seq ID No. 61 as the primers and 



chromosomal DNA of 
using synthetic DNA s 
10 mixture of these PCR 



ATCC1 3869 as the template. Further, PCR was conducted by 
hown in Seq ID No. 57 and Seq ID No.58 as the primers and a 
products as the template. The PCR product thus obtained was 



inserted into Smal si:e of pSFKT2 (Japanese Patent Application No. 11-69896) to 
construct pSFKTG07. The DNA sequences of the fragments inserted into Smal sites 
of pSFKTGH and pSFKTG07 were determined to confirm that no mutation was 
introduced into other refions than the promoter region in GDH. 



(2) Construction of gdh promoter modified strains: 

Then, pSFKTG1 1 and pSFKTG07 were introduced into AJ13029 strain by electrical 
pulse method, and transformants which grew on CM2B plates containing 25 \i g/ml of 
kanamycin at 25°C were selected. The transformants were cultured at 34°C to 

20 select strains which were resistant to kanamycin at 34°C. The fact that a strain is 
resistant to kanamycin at 34°C indicates that pSFKTGH or pSFKTG07 was thus 
integrated on the chromosome of AJ1 3029 strain. Kanamycin-sensitive strains were 
obtained from the strains in which the plasmid was integrated on the chromosome. 
The GDH promoter sequences of these strains were determined. The strains having 

25 the same gdh promoter sequence as those of pSFKTGH and pSFKTG07 were 
named GA01 and GA02, respectively. 



(3) Confirmation of L-glutamic acid-productivity of gdh promoter modified strains: 
The glutamic acid productivities of strains GA01 and GA02 and the parent strain 
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^AJ13029 were confirmed in the same manner as that of Example 2 (2) given above. 
As a result, a remarkable improvement in the accumulation of glutamic acid was 
recognized in GA01 and GA02 as shown in Table 23. 

Table 23 

5 i 

Strain Glu (g/dl) Specific activity of GDH Relative value 

AJ13029 j 2.6 

t 

GA01 3.0 

GA02 iz£ 

10 j 

t 

i 

(4) Construction of self-cloning type gdh plasmid: 

i 

First, self-cloning ivector pAJ220 was constructed. pAJ226 (J. P. KOKAI No.61- 
152289) was treated with EcoRV and Pstl to prepare a fragment containing a region 
which could be autonomously replicated in a coryneform bacterium. The fragment 

15 was ligated with about 0.7 kb of the DNA fragment obtained by treating pAJ224 (J. P: 
KOKAI No. Sho 61-152289) with EcoRV and Pstl to obtain a plasmid pAJ220. This 
plasmid could autonomously replicate in a coryneform bacterium, and it could afford 
trimethoprim resistance to the host. 
PCR reaction was conducted by using synthetic DNA shown in Seq ID No. 63 and 

20 Seq ID No.64 as the primers and chromosomal DNA of wild-type coryneform 
bacterium strain ATCC1 3869 as the template. The gdh gene fragment thus obtained 
was inserted in Ball site of pAJ220 to construct pAJ220G. The promoter was 
present near Ball site of pAJ220, and the expression of the inserted gene was 
increased depending on the direction of the gene inserted into Ball site. PAJ220G 

25 and pGDH were introduced into ATCC13869 strain by electrical pulse method. 
GDH activities of the strains thus constructed were determined by the method stated 
in above-described step (1). As a result, GDH activity of the strain into which 
pAJ220G had been introduced was about 1.5 times as high as that of the strain into 
which dGDH had been introduced as shown in Table 24. 



7.7 1.0 
22.3 2.9 
27:0 3.5 
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Table 24 



Strain 



Specific activity of GDH Relative value 



ATCC 13869 

ATCC13869/pGDH 

ATCC13869/pAJ220G 



7.7 
82.7 
120.1 



1.0 
10.7 
15.6 



3=1 



E 3 



(5) Investigations on influence of gdh activity on the yield and by-produced Asp: 

pGDH and OAJ220G were introduced into AJ 13029 by electrical pulse method. 
Each of these strains and those obtained in above-described step (2) was inoculated 
into a seed culture medium having a composition shown in Table 25, and the shaking 
culture was conducted at 31.5°C for 24 hours to obtain the seed culture. 300 ml of 



medium for mai 



;« 15 of 500 ml glass 

;H cultures as described above were inoculated into the medium. The culture was 



20 8 hours after the 



culture having a composition shown in Table 25 was placed in each 
jar farmenters and then sterilized by heating. 40 ml of the seed 



started at a temberature of 31.5°C while the stirring rate and the aeration rate were 
controlled at 80C 
liquid was kept 



to 1300 rpm and 1/2 to 1/1 vvm, respectively. The pH of the culture 



t 7.5 with gaseous ammonia. The temperature was shifted to 37 C 



had been compl 
produced and a 
GDH activity for 



initiation of the culture. The culture was terminated when glucose 



rtely consumed in 20 to 40 hours, and the quantity of L-glutamic acid 
cumulated in the culture liquid were determined (Table 26). The 
obtaining the highest yield was about 3-times as high. When GDH 



activity was furth er elevated, the degree of the improvement in the yield was reduced. 
25 When the GDH Activity was elevated to about 16-times, the yield was rather reduced. 



Amino acids p 
Analyzer L-850C 



oduced as by-products were analyzed with Hitachi Amino Acid 
to find that as GDH activity was elevated, the amount of accumulated 



aspartic acid ard alanine was increased. These results proved the following facts: 
For increasing trie yield of glutamic acid, it is necessary to suitably increase GDH 
30 activity so as nqt to cause a remarkable increase in the amount of aspartic acid and 
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rl . the effective methods therefor comprises the introduction of various 
alanine. 0 te of the effective metn ^ 

nations ilo gdh promoter to control GDH ac.,v,.y to about 



the parent strain. 



Table 25 



CoQceotj^tim-- 



ingredient 
Glucose 
KH 2 P0 4 
10 MgS0 4 -7H 2 O 
FeS0 4 '7H 2 0; 

MnS0 4 • 4H 2 0 

Soybean protein hydrolyzate 

Biotin, 

16 j^nmeM^omon^- 



^eggLcu!iuie_ 

50 g/i 

1 g/i 
0.4 g/i 
1 0 mg/l 
1 0 mg/l 
20 ml/I 
0.5 mg/l 
2 DO! 



Maiiicultutg. 
1 50 g/l 

2 g/l 
1 .5 g/l 
1 5 mg/l 
15 mg/l 
50 ml/I 
2 mg/l 
3_mg/i 



58 



Table 26 



Strain 



Glu 



AJ 1 3029 

GA01 

GA02 

AJ13029/pGDH 
fifj^n9Q/ pAJ220G_ 



8.3 
9.0 
8.9 
8.8 
7.5 



Asp Ala Relative activity 

Img/dB— (ms/di) oLQDb 

49 60 7.7 

145 152 22.3 

153 155 27.0 

201 190 82.7 

290 590. 12QJI2 



Relative 
value 
1.0 

2.9 
3.5 
10.7 
15.6 
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